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PREFACE. 


5’he Sixth Indian Science Congress met at Bombay in January 
,jj 9 The Agricultural Section was presided over by the Hon’ble 
(j G: b. Keatinge, C.I.E., I.G.S., and this special issue of the Afjri- 
litmvl Jourml of India contains a selection of the papers bearing 
,1 agriculture and allied subjects read at the Congress. It is 
nipossible to publish all the papers read on account of limitation of 
mace in tliis issue, but the foUowing papers will be published in the 
[rdimry issues of the Agricultural Journal of India : — 

(1) The Frequent Failure of a large Proportion of the Rice 
■op m Chota Nagpur, by A. C. Dobbs. 

(•2) Note on Land Drainage in Irrigated Tracts of the Bombav 
Deccan, by C. C. IngUs. 

(3) The Importance of the Development of 1,ie Dairy Industrv 
in India, by W, Smith. 

. (4) The Improvement of Indian Dairy Cattle, by A, K. 

Yegnanarayan Iyer. 

(5) The Prevention of Soil Erosion on Tea Estates in Southern 

India, by R. D. Anstead. 

(6) The Fragmentation of Holdings as it affects the Intro- 

duction of Agricultural Improvements, bv B. C 
Burt. 

(7) Results of Further E.xperimeuts and Improvements in 

the Method of Planting Sugarcane and Further Study 
of the Position of Seed in the Ground while Planting, 
by M. L. Kulknrni. 

The paper on “Nitrogenous Fertilizers : Their Use in India," 
V C. M. Hutchinson, has already appeared in the Agricultural 
■kHrml of India, Vol. XIV, Pt. II, 1915), while that on “The 
Ue of Poppy Seed Cake as a Cattle Food and its Effects on Yield 
« Milk and Composition of the Butter Fat,” by II. E. Annett 
m J. Sen, will probably be published either in the Jourml of 
■ amltuml Science or in the Analgst. 
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t’KEt’ACfi. 


I am indebted to His Excellency Sir George Lloyd, the 
of the Congress, for kindly allowing his photograph to be 
as a frontispiece to this Number, while my acknowledgme^j ' 
also due to the Asiatic Society of Bengal, under whose aiispif,, 
the Indian Science Congress is held, for their kindness in allo^ 
us to publish the papers contained in this issue in exte>iso. 

G. A. D. STUAET, 
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economic factors of agricultural 

PROGRESS. * 


The Hon'blb Mr. G, F. KEATINGE, C.I.E. 

Lately Director of Agriculture, Bombay. 

ifLE-AIEN, 

It is iny pleasing duty to welcome you here to this session of 
Agriculture and Applied Botany Section. We have before us 
ity papers on a variety of subjects connected with agriculture, 
I have no doubt that we shall have some very interesting 
iissions on these papers. 

I muck appreciate the compliment that has been paid to me in 
ug me to preside over this_ Section of the Science Congress, 
more so since I cannot claim to be a scientific investigator, 
ing the past 25 years, however, I have had occasion, first as a 
lime officer and then as an agricultural officer, to study the 
poniic condition of the cultivators in this Presidency, and I 
^ose to address you on some economic factors which I conceive to 
if fundamental importance in the matter of agricultural progress, 
tical^ Economy has, I believe, been described as the “ dismal 
Ke. I fear that you may find my remarks dismal, but I hope 
d’ou will not find them unscientific. My excuse for addressing 
cm a subject somewhat remote from physical science is that I 
fi that all you agricultural workers in this country, whether 
are agriculturists, chemists, botanists or engineers, are often 
e to realize that the results of your labours, the practical 
and '^aethods which you advocate, are largely discount- 

handicapped by existing economic difficulties. 

before the Agricultural Section of the Indian Science 

eanuary, 1919. 
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You discover something which should be of great vai ie to t 
community, but the economic condition is often such tiiat 
any one is in a position to take advantage of your disco\ I'w. j 
cannot fail to be very disheartening to yourselves, to tlio p„|^ 
which is looking for material advancement at your hands, and 
the Govermnents to whom we have to look for increased snpp. 
If the existing economic difficulties were insuperable, there woi 
be little use in railing against them ; but it is because 1 believe tl 
they can be overcome and that a situation can be created in ivlj 
the practical value of your labours can be greatly increased, thi 
venture to address you on the subject. 

Stated in its briefe.st possible form, my proposition i.s this, 
farming there arc two fundamental units, the farm and the fanr, 
For agricultural progress it is necessary that the farm sliould be 
fixed and permanent unit, so that it may admit of penniiiiont ii 
provement and adequate development, and that the farmer slim 
be a fluid and moveable unit, so that the right men may get tot 
right places. Speaking generally, we find, to our misfortune, tl 
ill India the exact reverse is the case, that the farm, on the one kii 
is subject to a continuous series of economic eartliqualte-s, and tl 
the farmer, on the other hand, is fixed and rooted. 

To tutu first to the farm. So much has been said during tl 
last few years on the subject of the subdivision and fragmentiitii 
of holdings, and the evil has been so generally recognized, tliai 
do not propose to go into the matter in any detail. No orderly dev 
lopment, no effective improvement can take place in a liolfliiig wlii 
is the wrong size and shape and which has no stability. Tlie h 
that this is true not only in theory but also in practice can be verilii 
by any one who will take the trouble to do so. Not only is tl 
land totally undeveloped, as development is known in other foni 
tries, but the idea of progressive development is hardly uiiderstofl 
by the landoivners. To develop and improve a perniaiient 10- 1 
20- acre farm is an intelligible proposition ; but to develop ai 
improve a 10- or 20- acre farm which must in the near lutiiK bespi 
up and fragmented is not an intelligible proposition to any o® 
and since this is the proposition wfiich confronts the Indian IM'" 
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If )i(if ' prising that he does not consider it seriously. In tliis 
lov, .:andardi8 set of agricultural method.s and of agricultural 
, rious obstruction to progres.s i.s presented, and there 
sfs a S lerally uneconomic situation which tends to become 
,.;e ralii' i than better. 

yon- Itt us turn to the farmer. The farmer owns his small 
j Huctii.c iiig area of land, it may be 15 acres of land in three 

in one generation, and 6 acres in six plots in the next generation, 
ie point IS that the farmer is fixed and permanent. His farm 
,y fly into fragments and grow steadily smaller, but, generally 
jaking, lie himself persists, whether he be a good, bad or indifferent 
:m«'. In highly individualistic and competitive countries, 
iciency is secured largely by the elimination of the unfit, who are 
leezed out of the race by keen competition coupled by a high 
iidard of living. This law is in constant operation in England, 
i there have been periods of agricultural depression there, wlieii 
progressive farmers have been ruined and squeezed out whole- 
e, while on some kinds of soil it is recognized that- a bad farmer 
mot hope,^ even in prosperous times, to survive many seasons, 
rural India, however, the competition is less keen, the standard 
living lower, and an easy-going tolerance, combined with an 
Stic joint-family system, helps to tide the le.ss effective members 
!!■ their difficulties and to keep them in their places to the obstriic- 
n of the more effective members of the community. It is by no 
an^ contended that there are no good farmers, nor can it be 
lected anywhere that all farmers will reacli a high degree of 
lellciice ; all that is suggested is that, owing to the causes meiitioii- 
aboie, the proportion of bad and indifferent farmers is unduly 
gP- And after all it is this proportion which counts ; for while 
wiiW term a country backward in agriculture in which oidy 
pw cent, of the farmers were good farmers, we would be able 
' It as advanced in agriculture if 50 per cent, of the farmers 
" “•h-anced and progressive. 


nuy then sum up the situation thus— 

ipe farms are of the wrong size and the wrong 

*1,' ure not permanent units and are not susceptible of 
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orderly and adequate improvement. The majority of die fjj. 
are deficient in skill, industry and energy, and balance a l'ni-stai)i|, 
of endeavour by a low standard of living. 

These are the fundamental obstructions to agricultin al pro„,, 
to which I have to refer. The que.stion is how we are to ovoi” 
them. It is clear that what we have to do is to endeavour to ttti 
and maintain suitably sized and suitably situated holdings nlj 
will admit of adequate development, and to arrange that tin 
shall be nothing to prevent these economic units from passincr] 
natural laws into the hands of the most progressive fanners 
will be in a position to make the best use of them. If we fan 
thi.s we ran trust to the natural fertility of the soil and the natai 
industry of the farmers to secure the progress which we deiji 
aided by the scientific investigations which have been made a 
which will be made in future. But until we can do this we .slialh, 
secure anything like the full results that we look for from our mint 
advautage.s or from our scientific labours. , 

Now what is it that prevents us from taking artioii of tl 
nature indicated ? Whenever any remedial action of this iiatiiie 
suggested it is always urged that the people have not asked for® 
action and do not want it, that such action would be opposed! 
their religion and to their .sentiments, and that a shuffle of (iini 
and of farmers would constitute a political danger. The, so a.«pffi 
of the question must, of course, be carefully considered. Tliisis 
country where religious and sentimental ideals count for iiiiitl 
where political dangers must be given due weight. But tlicrf i 
also a persi.stent demand on the part of a section of the popiilatioi 
for material progress. W e have come to the parting of tlie "an 
and India must decide which road she wishes to take. You uuj 
set up a sentimental ideal, an uesthetic ideal, an ideal of volniitai] 
poverty, or an ideal of political caution. 8ueh ideuk an 
quite intelligible. The trouble is that to a large extent they are™! 
compatible with the ideal of material progress. All 1 hat I si' >! 
this . if the former ideals are chosen to the exclusion of the 
let us .stop all talk of rapid material progress ; for we shall la" I 
deliberately refused to take the first steps that lead tn it. 



[KAINAGE and crop production in INDIA, 

BY 

LBKHT HOWARD, C.I.E., ^ tIAHRlELLE L. C. HOWARD. M.A.. 

iiijierkd Eamomic Botanist, Second liUjierial Economic Botnni-sl 

'he present may be described as the era of reconstruction, 
IS ffliicli were current five years ago have since been proved 
olete. Agriculture, which is concerned with the production 
•ood and of raw materials, is now recognized as one of the key 
istries of the modern world whose development must be fostered 
all the re3ourcc.s of the State, One of the main problems before 
Indian .Agricultural Department is the discovery of the best 
ms of making the soil yield a higher dividend. This involves 
recognition of the factors which limit production over large 
IS ami the discovery of the best way of putting them out of opera- 
. One of these limiting factors is defective soil-aeration. At 
Lahore meeting of the Indian Science Congress, one of the 
jeeta discussed was the aeration of the soil and its bearing on flood 
lation in the arid regions of North-West India. i It was shown 
1 uiccesd'ul irrigation involves more than the mere application 
ntcr and that the aim of the irrigator should be the pwi'ision of 
\i Msiwh a manner as to interfere as little as possible with the 
of the sod. The present paper attempts to deal with another 
of soil-aeration, namely, inadequate drainage -a matter of 
fK'ulai iiuportanee in many parts of India. Over large areas 
Willed by the monsoon, this factor bars progress. Its removal, 
f*Wi, is matter which often lies outside the scope of the 

on soil-asratioii. Jount. of Ituliti, vol. XIII, 1919, p. 4lt). 

( 377 ) 



378 


AGRICULTURAL JOURNAL OF INDIA 


Agricultural Department and its mere consideration 
multitude of other interests— those of the cultivator, the 
the revenue authorities, the engineer and the sanitaii.ui. 
years pass, we are more and more impressed with the iiupotijj 

of drainage in the agricultural development of India and the prej 

opportunity is taken of bringing the subject forward once more, ] 
connection between drainage and soil-aeration is not ahvavj (]{j 
recognized. The essence of drainage, from the plant’s point oi h, 
is the maintenance of the oxygen supply of the soil water, 
tlie case of ordinary dry crops like wheat, all that is neceis 
to bring this about is an adequate gaseous exchange betweeo i 
atmosphere and the pore-spaces. In water culture, of which ria 
perhaps the best agricultural example, it is essential that th 
should be a very slow movement of oxygenated water round i 
feeding roots. Sometimes, when the country is flooded, drv cu 
have to change over for a time to water culture. As long 
the flood water is in movement and the aeration of the roots 
provided for, little or no damage results. 

In the plains of India, defective drainage arises fluiingi 
monsoon from two distinct causes. In the first place, wlieiei 
soils are on the stiff side, local surface accumulations of rain-m 
rapidly lower the fertility. In the second place, the sub-soil n 
often rises to such an extent at a time when the flow of the liveii 
impeded that little or no general drainage is possible o\'er ki 
tracts of the alluvium. These two aspects of the subiect "ill 
considered separately. 

Surface water-logging. 

On the stiffer loams of the Gangetic alluvium, lociil iiDeveiines 
in the crops are very common. .Any partial holding up "t t 
surface drainage by irrigation channels and any slight coiiia'i 
of the fields, due to depressions or to the misuse nf iron pk™?' 
are invariably followed by poor weak growth wliicli (cdubitsaU* 
characteristics of nitrogen starvation. That the los,s of fertilil' 
largely due to denitrification is proved by the results of uiic.'ip® 
ment carried out at Pusa in 1910. In that year, u pb't 
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;)!U-posely water-logged during the month of September 
r , compare its behaviour with normally managed land on 
siit-. Across the middle of the plots a strip was manured 
,]j 4 en-c. of nitrate of soda to the acre just before sowing the 
Tlic. results are given in Fig. 1, from which it will be seen that 
, gffect oi a month’s water-logging was to reduce the yield of wheat 
I il bushels to the acre. 


cultivation. "'“tepSb/r"""'' No™al cultivation. 


34-45 

15-55 

29-14 




34-45 

15-55 

29-14 


The nuiuboi s in the plan are bushels per acre. 

ITS. 1. The result of water-logging wheat laud at Pusa in I'Jlu. 


Ill another case at Pusa, a portion of a rather stiff piece of land 
IS suiiilcuiy water-logged during September 1917 and sown with 
va indigo the following moutli. The effect of the water-logging 
this leguminous crop wa.s very marked. Five months after 
hiiig. equal areas on the water-logged and control plots were taken 
iiltlie heights of the plants were measured. On the water-logged 
ot; the aierage height of 200 plants was 10’4 cm., on the control 
ea\erage height of an equal number ot plants was 28'0 cm. When 
IS luut system of the plants on these plots was examined it was 
'iiml that the first effect of water-logging was to restrict the roots 
' tlie upjjci. layers during the first few months of growth and to 
the general character of the root-system. The results are. 
pii iu hig 2. On the left is represented the root-sv.steiu of a 
‘‘tt iijiu the plot water-logged a month before sowing, on the. right 
Pstiiueu Ilf the roots from the control plot is to be seen, in the 
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water- logged plotj the development of the tap-root is soi :i 
and one of the laterals after bending takes its place, h tb 
illustrated the acting tap-root was followed to some distant e andj. 
found to give ofi very few branches. 




Fig. 2. The root-system of Java indigo showing the effect of water-logging befoii.' so»ir? 
(left) compared with the control (right). 

Similar results have been obtained in the case of gvam, In 
Plate VII are represented the root-systems of tliiee gram plant; 
grown in Pusa soil the same year and within one hundred yath "I 
each other. Fig. 1 represents the root-system on a hca\'y clavwliert 
the aeration of the sub-soil during the previou.s monsoon ivaa puM 
The crop did very well up to flowering time but it set no seed niid 
wilted away. The lower figure shows the root-sy.steu! of a t'laii! 
plant in light land. Here the yield of seed was heavy. Hie middle 
figure shows the root-system in land intermediate in 
Here the plants did not set seed well and the yield was poor, h' d® 
gram crop, root development depends directly on the aeration td d® 
soil and is considerably modified by this factor. 
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i Tlie i iss of' fertility through denitriacatioii is not the onlv 
isequeif - of surface, water-logging. The phy.sical texture of the 
I ig pr, iouiidiy affected and when the land dries it is difficult 
: obtain the ideal crumb structure. The clods do not readily 
,ak down under the beam and the soil is gummy to the feel, 
iloidal substances appear to be formed under these anaerobic 
iditions which not only hinder the formation of a good tilth but 
0 prevent percolation. It is quite common at Pusa after a very 
ivy monsoon to find the pore-spaces near the surface almost 
tirely filled with water for some considerable time after the level of 
j rivers and of the ground water has begun to fall . The .surface soil 
es not seem to be able to drain. An improvement in the texture 
lows if the surface drainage is improved and in cases where organic 
itter has recently been added to the soil. The gummy substances 
not thou seem to be formed to any great extent and the clods 
idily brealc down. These matters urgently require exact and 
rcful investigation and it is difficult to suggest a more promising 
Id of work for the soil physicist in India. 

The extent of the annual loss in the plains of India due to 
iface water-logging will be apparent if we consider the benefits 
lich result from improved surface drainage thi'ough the adoption 
the Pusa system.^ This method consists in dividing np the 
ea to be drained into units not more than four or five acres in extent 
parated by trenches. These trenches are about four feet wide 
id two feet deep with sloping sides and grass borders (Plate VIII); 
le run-ofi passes over these grass borders and is led away to low- 
ing rice areas while most of the silt is retained on the field, 
r this device, each field has to deal with its own rainfall only 
id the run-off is strictly controlled. 

The improvement in fertility and in the ease of cultivation 
feh results from surface drainage are almost past belief. The 
“tanical Area at Pi^a has been transformed by this means. The 
pids have increase^^he plots produce even crops and the tilth of 
f areas, which was formerly poor, is now vastly improved, 
^eral the estates in Bihar have adopted this system which the 

'“H Nurface drainage. BulUHn Xo. 53, Agric- Research Institute, Push, 191j. 
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surrounding cultivators are now copying. oft|, 

results obtained, the following report, dated Novei&er Kitli, jgu 
from the Manager of the Dholi estate may be quoted 

“ I have now some 500 bighas at Dholi and my outjo^ 
Birowlie, drained by surface drains on the Pusa systqpi- 

“ The improvement of all the lands is very marked, especjj| 
at Dholi where most of the lands are on a slope and the higliljj^ 
suffered from loss of soil from rain-wash and the lower lands uijj 
to be water-logged at the time when they should be cultivated fc, 
rahi and indigo crops. 

“ The advantage derived from the drainage is most maitej 
in the low-lying lands which were formerly my poorest lands ani 
these last year gave me as good or better returns of wheat ail 
indigo than the high lands ; and I am certain will still furtlifl 
improve. These lands I am now able to keep cultivated tlirpugluh 
rains and to sow them at the same time as the higher lands." 

The most convincing proof however of the advantages of tk 
adoption of this system on the Bihar estates is to be found in tk 
rents paid by the tenants of drained land. On the Dholi estatt, 
several areas, which previously could not be let to tenants at all 
and which had to be put under cheap crops like oats, fetched hi"! 
rents when surface drained. In 1914, one of these drained areas 
under chillies was let for ninety rupees a biglia, aiusthei iiiKler 
tobacco for one hundred and fifty rupees a bigha. The impiovcmeiit 
in soil-aeration which followed the construction of the smiiu e draiib 
thus rendered possible the substitution of money crops for elieap 
crops. 

'lilE PREVENTION OF BRAlNASiK. 

Another aspect of drainage mu.st now be considered, -bth' 
rain-inundated region of the Gangetic delta is approaclied, a "cl'’ 
marked rise in the sub-soil water-level takes pl|ce after the moii^DLUi 
has set in. This is particularly the case in North Biliar wli«c tk 
flow of the rivers is soon checked by the rise of the level of t * 
Ganges. The result is that the rivers overflow and the lowl.'^s 
areas go under water. The rise in the level of the ri^•el■s is to 
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ill the water-level of the wells. These movements of the 
level and of the general ground-water are illustrated in the 

Opposite which represent the state of affairs of the river 
piisfl iiudof one of the wells (about a quarter of a mile distant 
lom the river bank) for the years 1910, 1912, 1913 and 1914. 
[kese curves (which were prepared by Mr. Jatindra Nath Sen when 
}fficiatiiig Imperial Agricultural Chemist at Pusa) are typical of 
;]]e sub-soil water conditions of this tract during the monsoon. It 
ivill be seen that the curves of the ground-water level vary according 
;o the year. In some years like 1912 and 1914, the curve is even and 
JO great oscillations of level occur. In others, such as 1910 and 191 3, 
there are well-marked oscillations. These oscillations, from the 
plant’s point of view, are of the greatest importance as a fall in the 
level of the ground- water means a strong downward pull and the 
temporary resumption of drainage and of soil-aeration. 

dliese Bihar ground-water and river-level curves have proved 
to be of particular interest in the study of the wilt disease of Java 
indigo. It is found that this deep-rooted plant ceases to thrive 
when the general drainage of the country stops and often dies off 
altogether due to wilt. It appeared from numerous observations 
in the field th?/t indigo wilt is caused by water-logging which leads 
to the destruction of the fine roots and root nodules. This view 
has been established by direct experiments in lysimeters in which 
the drainage can be stopped at will. At the beginning of the monsoon 
of 1918, Java indigo was grown in two sets of lysimeters. In one 
set, alluvial soil obtained from the Kalianpur farm near Cawnpore 
was used, in the other set, light Pusa soil was employed. The 
Kalianpur soil is exceedingly rich in available phosphate (0'318 
per (ent.) while the Piisa soil, when analysed by Dyer’s method, 
gives very low figures for available phosphate (O'OOl per cent.), 
lire results may be summed up as follows : — 

(1) In both Pusa and Kalianpur soil the indigo in tire lysi- 

meters with free drainage escaped wilt. 

(2) When the drainage openings were closed and water- 

logging from below took place, all the plants were 
wilted in' both Kalianpur and in Pusa soil. 
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(3) The wilfc in the Kalianpur soil (rich in available p!!ospli,{( 

was much worse than in Pusa soil (said to i .p j 
available phosphate). 

( 4 ) The growth in Kalianpur soil was much slowi-: tlianj 

Pusa soil. 

In these lysimeter experiments, the stoppage of 
brought about an interesting change in the root-system of tj 
indigo and caused the lateral roots to run near the surface, (pg 3 



iio. 3. The effect of water-logging; after sowing on tbo root- 
development of Java indigo. 
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Q„ -he, left are shown two indigo plants from the lysimeter 
,ji free ih-ainage. The root development is normal for the variety 
(i.i the right, two typical plants from the lysimeter in which 
, drainage openings were closed are represented. Here only 
'face 1 '' ats were developed and the main tap-root was restricted 


Sub-soil drainage. 


Another aspect of drainage must now be briefly considered, 
nely. sub-soil drainage by means of tiles. The openings for this 
.tcm ill liiilia iitider present conditions are however much fewer 
for surface drainage. The cost per acre of laying tile drains 
fflisidenible and further, if the work is to be of use, it mmst be well 
le. Sub-soil drainage would naturally only be attempted if surface 
linage is found to be insufficient to improve the aeration of the 
1, Tlie heavy, black soils of peninsular India afford perhaps 
: best opening for this class of soil improvement. As is well known 
ije soils e.xpand when wetted and the crops only do well if the 
.ount and distribution of the rainfall is particnkrly favourable, 
avr, long-continued rain is almost as harmful as actual famine 
idifions. Particularly is this the case with cotton whicli never 
Ids well in wet years. Interesting and valuable results have been 
lained by Mr. Allan on the heavy black soils at Nagpur where, 
means of sub-soil drainage, marked improvements have been 
nvn possible.' By means of shallow sub-soil drains, Air. Allan 
:ained the following advantages ; — 


(a) Surface cultivation is rendered possible even in wet 
years and the land can be kept clean. 

(t) The crops grow faster, are healthier and yield better. 

(f) The root development is improved and the resistance to 
drought is increased. 

Mr. Allan’, s results were obtained on the ordinary heavy black 
sat Nagpur. The most productive of this class of land, however, 

■ garden lands irrigated by welLs or tanks. These fields arc 
'aliiablft, are often well cultivated and large quantities of manure 


AL.in, H, 0_ Biilhiin No. 83 , Agric. Research- InsiiMe, Pnsa, I£tl8. 
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and irrigation water are annually applied.. They suffer 
from erosion as they are constantly under crop, the -urfatej 
generally even and the area of each field is small. By means j 
mib-soir drains discharging into irrigation wells it miglt be possj^ 
not only to increase the yield and the number of crops per va, 
but also, by improving the aeration, to diminish the amount of niaiu,, 
and irrigation water required. 'I'here seems to be a very proniisii^ 
field of investigation in developing the rich garden lamb of tb 
Bombay Presidency and the old poppy fields of the Malwa platea,, 
Already a great deal of capital has been sunk in these fields, Ifiej, 
owners are often well-to-do men who could easily afford to siri 
some of their savings in sub-soil drainage if this proves to hej 
success. The matter is one well worthy of careful investigation, 

The wider aspects of drainage. 

While the cultivator can often do a certain amount to liuprow 
the surface drainage of his fields he is quite unable to cope witli tie 
larger aspects of the subject. Observations indicate that in inane 
parts of India the surface drainage of large areas is defective aid 
the crops suffer from poor soil-aeration. In some cases, tins is 
due to the existence of extensive shallow, cup-shaped dcpressioiii 
which are unable to discharge the run-off quickly. In otliers, tk 
general surface drainage is partially held up by roads, embankiiieiiti 
and by, bridges provided with insufficient water-way. Such pro- 
blems arc clearly beyond the means of the zamindar. They iieetlfoi 
their solution the services of the engineer. A detailed drainage 
map of the area to be improved is obviously the first condition ot 
success. From an inspection of some of these areas in the plains 
it would appear that a great deal could be done by the provision 
of a system of drainage canals Ity which the run-off can be pa*' 
either into rivers or led slowly through rice areas at a slightly lonnr 
level. 

The difficulty in matters such as these is to make a siiecessfu' 
begiimiiig. The first step appears to be the study ol the gem-ia' 
drainage of a few of these partially water-logged tracts of the a"a 
viiim, the preparation of a drainage map combined witli n n ® . 
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the necessary. The drawing np of definite 

rkin“-i- would follow and progressive landowners would 
hiably would be willing to execute a small project 

,!(.[■ (lire tion. These proposals do not invujlve a great deal of 
jeiise. A certain number of engineers with the necessary agri- 
itural insight in all probability exist in the country now and. 
jgt; tu work on this question, would rapidly justify themselves, 
eir assistance in this matter is essential. 'I’lie cultivators and 
iiinrlars are so intent on their own small areas of land that they 
miot be c.xpeoted to evolve a scientific scheme of drainage for the 
iintry-side. Clearly it is for the State to provide a directing hand, 
this direction a step forward has already been made by one 
diaii province. In the Punjab) Government Gazelle of September 
,th, 1918 , the constitution and duties of a Drainage Board for the 
oviiice were announced. In the Government Resolution on 
is matter it is stated that “ water-logging is due to manv other 
uses than seepage or over-irrigation from canals, for instance 
iperfect natural drainage or the obstruction of natural drainage 
roads, railways, irrigation channels and zamindars' embankments, 
ho evil is of steady growth in parts of the province and in some 
ace.s threatens not only the prosperity but the health of the rural 
ipiilatioii and involves also serious loss to Government revenue, 
itheito it has been dealt with only spasmodically. There has been 
D settled policy either for investigation or for action. The question 
iionld, therefore, now be taken up for the province as a whole." 
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In the potato tracts of tlie Bombay Presidency the greatpst 
enenry to the successful growth of this crop is the presence of th 
“ ring disease.” Other pests and diseases exist, but they can more 
or less be kept in check, but in the case of the ring 'disease, tk 
cultivators have been helpless, largely because they have not been 
able to determine the source of the disease, and the means bv wliicli 
it is transferred from crop to crop. In the past, the regular aiiii 
frequent importation of fresh seed from Italy has been the luetira! 
adopted to keep the di.sease in hand, but it was never detenniiiei 
whether the success of this method was due to greater resisting power 
in the imported seed, or whether its gradual deterioration was due to 
continually increasing infection after importation. During Ae 
years since 1915 the import of such seed has been impossible, aiidtlie 
question of keeping the disca,sc in check while using local seed 
became a matter of urgent necessity to the potato industry. 

The ring disease of potato, it may be noted, is a bacterial wilt 
and though its ravages had proved a very serious matter in Boiiibai 
as long ago as 1891, it was only accurately investigated and its 
nature determined by Coleman in 1909. Its attack produce? i 
sudden wilting of the plant, wlien such tubers as are attached to 

( 388 ) 
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B plant 'till be found to show a brown ring m the. vaseular tissue, 
ijiinem'iiifl as a rule near the point of attaclunent of the tiilier to 
B plant, but spreading round the whole tuber. I'he infection 
.(fleets the lower part of the stem in which the ring can usually 
le be distinctly seen. 

■file damage done by the disease i.s very great. Often twenty 
tliii'tv pet cent, of the plants in a plot die, and we have known as 
,,li iis seventy or eighty per cent, of what seemed at one time a 
[1 pronu.slng crop to be lost on account of the disease. It is 
iiost universally found in the potato-growing tracts of the Deccan. 

The most important point in combating tliis disease is to find 
. usual means of infection, it has been known, .since the investi- 
lioDs of C'nleman (1909), that diseased seed tubers would produce 
eased plants, and, moreover, that infection could also take place 
'ough infected soil. But the relative importance of tlie.se methods 
iictiiiil practice has not been determined and it was absolutely 
jfssiuy to our work to find out how the di.sease wa.s most fre- 
uitlv carried from crop to crop, in other words, if soil infection 
s the c/de/ source of the disease in our fields, it woulfl lie iieces.sary 
fight the disease by keeping infected fields free from susceptible 
Jits until the bacteria which cause the di.sease die out. If, on 
1 otlier hand, the seed was the chief means of infection, careful 
eiitioii to the seed would lie the primary, and might even be the 
!v iiec'essary, method of precaution. 

flic deteruunatiou of tliese points was tlie object of a series of 
^ e-tpei'iinents in 1917 and 1918, in which potatoes were grown in 
>li mer soil in which no infection could have occurred, and 
ectioii was introduced iii the following wavs ; — 

(1) by planting potatoes containing ring disease ; 

(■/) by mixing pieces of potato attacked by ring disease with 
the soil ; 

(^) bv watering the soil with water in which cut .sets of pota- 
toes attacked by ring disease bad been allowed to 
lie for half an hour ; 

*dl b} inserting pieces of potato iiifcetcd with ring disease in 
the potato sets ; 
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(5) by soaking the potato sets in water used to wash 
affected witli ring disease ; 

(6) by using, as seed, tubers from a plant affected 
disease, but which themselves showed iio 
disease ; 

(7) by using a knife infected by cutting affected sets, to 
sound potatoes for planting ; 

Duplicate pots were taken in each case, but the results 
consistent throughout, and gave results as follows ; 

(1) Where diseased potatoes (eight sets) were planted. 

(а) Six sets did not germinate ; 

(б) one set germinated, but began to wither eleven djv, 

later, and was c-ompletely dead after a week; 

(o) one set geiniinated and grew fairly u’ell. It hoivdt 
produced no tubers, and after ripeiiing tint mijiig 
set was found to bo rotten. 

(.) Where the soil was infected with fragments of iiilenei 
potato. Six sets were planted, and all gerininatd 
Seven days later one was wilting, .tfter elevci 
days two plants were dead and two were wiltiiis 
A week later one more was dead, but the other afiette 
plant was making an effort to throw out new bud: 
It was in \-ain howex'er, and seven days after i 
was dead. At this time (t-j weeks after plaiitiii! 
all were affected and either dead or dying save i® 
plant. This latter remained apparently healtliv an 
matured normally gw'ing throe ripe tiibei'. 
rutting these, however, all were found sliowiiy '0 
of ring disca.se in the tuber. 

Intection of tlie soil by fragments of diseased liibers is t!®' 
f<)i'e, very fatal, and oven if the, plants do not die. the lubi'i's air'O 
likelv to be di.seased. 

(3) Where the soil was infected by the watei' in whidi ili-fi' ^ 
jiotatoes had been soaked. 
hive sets out of six germinated, but all dual "I 
ease. They were cpiitc healthy, lio'-vvei. mi 
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three weeks, and then wilted and died in rapid 
succession. After six weeks all were dead. 

pliic ■xperiment shows the extremely infective character nf 
water lu which disea.sed sets have been soaked. 

( 4 ) Where the sets were infected by the insertion of fragments 
of diseased tubers. 

The results of this method of infection .showed it to be l)v 
no means so certain or so rapid as those previoiisli* 
considered. Out of .six plants, one dietl in six- 
weeks, and two more a week later. The remainder 
(3) ripened and were harvested in due course three 
months after. Of the tubers produced, those from 
one plant all showed sign.s of ring disease, from u 
second all showed .signs e.xcept one and in this none 
could be detected, while in the third no ring disease 
could be observed in any of the tubers produced. 

(.)) Where the sets were infected by .soaking in the water in 
whicli diseased potatoes had been placed; 

In tills case all the potatoes germinated uonnallv. The 
first .sign of disease was ob.served twentv-foiir days 
later, tut the progress Was very rapid and all were 
dead thirtixsix days after planting. 

(6) Where the sets were from infected plant.s, but themselves 
showed no signs of ring disea.se. 

fhit of eight such .sets planted two died of ring disease five 
weeks after planting. The remainder were harr est- 
ed but all the tubers prixhiced slioired slqiis of ritui 
dise(is(f. 

dii^ experiment showed clearly that the potatoes which were 
allied from ring-disease-aft’ected jilants but showed themselves 
soil ol the disease were unsafe as seed. 

(') ^Iheie the sets, though healthy, were cut with a knife 
previou.sly used to cut a potato affected with ring 
disease. 

I'ilteen healthy potato sets were planted, their only con- 
nection wdth the disease lieing that the knife use.il 
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for futtitig them had previously been used 
diseased potatoes. Fourteen sets geiniinjfjj 
due course and in good time. A month 
of them were dead, and gradually all died 1)^, 
maturity except two. Those two matured t 
all the tubers on them were half rottial nifl] ,j, 
disease when they were taken out. 

T’liis experiment shows the extreme iufectiveness of the disfjj 

The position is, therefore, clear. The ring disease is e.'itreind 
infectious and may be carried by diseased sets or by anvthiiig ivljf 
has been in contact with them. 'I’hc soil may carry the disa 
whether it has been infected by diseased tnbers, by water in wliif 
diseased tubers have been washed, or by remnants of diseased potai 
plants remaining in the soil. And even the knives used foniittii 
a few diseased tubers may infect a large part of a crop, when tl 
seed is otherwise of good quality. This last fact is begiiitiiiij no- 
to be realized by the cultivators, and we are introducing a 3\stfiiu 
sterilizing the knife used for cutting sets with hot water after eontit 
wdth diseased potatoes, among the more advancerl (iiltivatoi 
of the Poona potato tract. 

Perhaps the chief interest, however, lie..s in the infection tliroiiji 
the soil, and the length of time during which the bacteria ai 
capable of living there, and infecting the following crop. It i 
obvious that if the organism is capable of making soil infective lo 
a long period potato cultivation is doomed in these districts. W 
have hence made experiments to ascertain how soon potatoes cai 
again be safely grown after the soil is thoroughly infected ivitli tii 
di.sease. 


Pots were taken in wliicti all the plants had died throiigli to 
infection with water in which diseased sets had been soaked, h 
from which all remnants of diseased plants were removed, ft® 
new healthy .sets were planted (I) immediately, (2) after two to tta 
months, and (3) after about six months. In the nieantime tk® 
was allowed to stand without cultivation. 

Where healthy potato sets were planted immediately 
removal of the previous (diseased) crop, all the plants were 
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j ol four plants one died within three weeks of planting, another 
;l,in four weeks, while a month later a third was dead. I'he foiirtli 
5 attacked, but was able to throw out new side shoots and tame to 
turity- •''o tubers wore however formed. In this case, there- 
, ;,][ plaids were affected. 

■[he soil from which the last crop wa,s harvested was then 
,«-ed to stand for two and a half months (November 1st to January 
h) and then re-planted. Four plants were obtained. Three 
laiued liealthy throughout, produced good tnher.s which showed 
of riiig disease. The fourth plant began to droop after 
;e montiis, and was then dug up. Of the three potaloe-s produced 
tills plant, two were apparently healthy, hut the third was 
loubtedly attacked with ring disease. 

The same pot was again .sown a week later (eleven months after 
original infection), the plants matured healthily and the tubers 
ived 110 sign of ring di.seaso. 

in a fiutlier experiment, the soil was thoroughlv inlected with 
aised material and healthy sets planted immediatelv. All died 
liie course, and then, after removal of th(> plant residues, the soil 
lallnwed to stand for five months without a crop (Aiignst 18th to 
maiT 18th). It was then planted with healthy sets. L'nder 
se circumstances all the sets germinated perfectl}-, grew healthily 
1 ripened normally. No tuber or plant showed anv sign of ring 
lase. 

As this matter appeared very important the experiment evas 
eated witli no less than nine pots in all ol wliieli the soil was 
'roiigiiiv inlected as shown by the complete lo.ss of the previous 
|J- 111 each case, after removal of the plant,s. the .soil was allowed 
Uaiid for Oj months (September 11th to March JTtli) and then 
Med with healthy sets. All germinated, and no sign of ring 
was lound throughout growtli. None of the tubers pro- 
-«1 were iiitected with ring di.scase. 

siiiumaiy^ we may say that the experiments recorded eonfinn 
Mils lesults as to the oonveyance of the I'ing disease of potatoes 
JM’op to I'l'op both through the seed and the soil. They show the 
-ttiel) infectious character of the disease in that not only the 
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seed but ulsu everything which has been in contact with :t 
knife by which diseiised sets have been cut. are capable i f i I 
the disea.se to a healtliy tuber and hence to a healthy plant 
'I'he infection does not, however, live long in the s, il i,, 

“ ' ^11 d vp 

lent enough condition to affect new plants. After twn and y 
iuonths the infectiveness was reduced by at least se\-eiitv-fiv(. ", 
cent. After five to six and a half montits the infectivp)|f,^[| 
•soil has di.sappeared.* It would appear clear, therefore, that il|. 
i.s kept free from potato plants, or other plants, like tobiuid.pjpji 
of carrying the disease, for six months, the dangei' of 
through the soil i.s very small, if, indeed, it isnot entirely elinmiatf 
Imrsmuch as the potato crop, u.sually reaped in hebruiii y or 3|ii|,, 
is never planted on the same land until October or Xovomh 
and the crop reaped in September or October i.s never planted mu! 
same land until the following June, it would appear that tliediiua 
of infection through the soil under Deccati conditions is small, ifil 
diseased plants are carefully removed in each crop. This aas 
with practical experience and enables attention to be focus.<ed a 
the provision of disea.se-free .seed as the main line of the attadj 
tlii.s very fatal disease. 


* As ftgainst thi.s. Butler rc|)ortjt that tire years are cuivsitlerefl as iu’ces,-!arv iti.iiLi 
to leriioxe the iiifectiveiu’ss of the hacteiial wilt of tobacco cmisctl tjv tiie ’iffiiit' uriiijii’i 
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tiHKKX-.MA.NURi.v(; Ls 11 sulijcrt i)f world-wide interest, as the 
ipnictice is in vogue in all couiitrie.s ami lias proved etfcetive in 
iinaiiitainiiig or increasing the fertility of the .soil. In support of 
fliis praf'tice of ploughing in a green crop into the soil various reasons 
are usually given. However, analyses of soil, before and after 
peeii-iuantiring, have shown that the organic matter and the nitrogen 
inliled to the soil by the green crop are of all others the two most 
important factors on which the value of green-manuring chiefly 
il('])onds : and field trials on a large scale have further made it 
evident that the practice is an economical one, tliat is, it can at a 
eomparatively sinaller co.st per unit provide the organic matter and 
tlie nitrogen necessary to improve the soil. 

Ill greeii-mannring the changes hrought aliont ivy tire addition 
of large amounts of organic matter arc no doubt an important 
arret as affecting the general permanent fertility of the soil by 
iiureasing its humus content and improving its physical property, but 
"fiat is of iiinnediate benefit to the crop succeeding the green manure 
'rtlie arldition of nitrogenous material which become.s readily avail- 
afle Ijy being changed into nitrates in which form the nitrogen is 
®amlv taken up by plants. In order to convert the organic matter 
fflto liunnis and the nitrogenous material into nitrates it is necessary 
( 395 ) 
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that green manure should first be thoroughly decompnsed, 
conditions necessary for the decomposition of a partii nbt 
crop cannot be found everywhere as there are many variatj^' 
conditions of soil and climate in different countries. Heine dilftf,,! 
kinds of green manure liave been tried under varying eoiiiliti(„|,,j 
soil and climate all over the world. These empirical trials hvf 
yielded plants for green-manuring purposes .suitable to eacli partinij, 
area, but in spite of the fact that the course suggested Iry eiupfK-j 
trials is followed in practice and is usually attended with siicceii 
still many times failures al.so occur. There are niunerous sjej 
instances on record of tiie failure of the treatment of the soil witi 
green manures to promote greater fertility. It is difficult at Jki 
sight to account for tlie altsence of the specific effect of the addition 
of organic nitrogen on crop yield. This is no doubt due to th 
paucity of reseaivh from the biological side of the question, How- 
ever, besides the work done in other countries some valuable resiiltii 
work done by the Agricultural Departments in India aiv alreai] 
published. The work- on tiie gases ol swamp rice soils be llartiio 
and Aiyei'i deals with the practice of green-manuring fur rice an 
hence docs not relate to conditions obtaining in the use of gree 
manures lor the succeeding mbi (winter) crops. This latter aspet 
of the question is dealt with by Hutchinson and Hilligaid who kv 
studied the decomposition of green manures from a bacteiiologki 
point of view in the laboratory. besi<le.s carrying out a miiuhen 
experiments in the field. These authors used sami-lieiup ns gr«i 
manure and carried out their experiments in Pusa soil under van'k 
conditions of moisture and depth of burying the green mamireii 
the soil. .\s the result of their work they have made it oleai' ik 
the t'alue of green inanure depends on the presence of projier (oki 
tions of moisture in order to effect its complete decoiupositiou. am 
that rainfall and traii.spiration of water from the green inuimre («[ 
itself affect the moisture left in the soil for the successful dccoiupos 
tion of the, green manure. Another point of impurtame to 

HajTison and Ai\er. '■ Tha gaaua of .awamp rico soil.-'. ’ Meimii ?, 

Chemical Series, vol. III. a.,.;), 

Hutohinson and .Milligan. Agric, Research /nsl., Rusu, RuUetia Jo- A* 
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eiitiou i’ drawn by the authors relates to the conceutratiou of 
lotreii d'de authors point out that in case of nitrogenous manures 
concentration of nitrogen in the available condition is 
' to show the beneficial niaiiurial effect. These observa- 
account for many failures of green manures and also indicate 
, optimum conditions necessary for .succe.ssfui decomposition of 
01 tuaiiures- 

It is pro]Msed in this paper to present the results of an attempt 
4u(lv. on similar lines, as to what happens to green manure 
eii incorporated in the soil for the succeeding rabl crop. In 
[er to exclude the possibility of failure to decompose we restricted 
pelves under previously determined optimum conditions of mois- 
teiiipoiature and nitrogen conct ntiation mentioned by Hutchin- 
liiiid Milligan^ as iieces.sarv for successful decorapositioiiof sanii- 
mp. We have however e.xtended our work to the study of decom- 
sitioii of different kinds of green manures iii order to find out 
lether there is anything in the nature of tlie constituents of different 
OT inaiiures, which makes one kind of green manure more suitable 
an another. We have also included in our work the study of the 
composition of different parts of green manure- -leaves, stems and 
its -incorporated separately in tlie soil, in ordei’ to ascertain 
lether the different ratio of nitrogenous to uoii-iiitrogeiious consti- 
eiits e.xisting in the different parts affects the course of nitrogen 
.aiiges. We have also attempted to find out what happens to the 
idecomposed tissues or crop residues and to see the effect of the 
me oil the proee.ss of nitrification. 

Behiie proceeding we may just mention that in our opinion 
1C value 01 green manure depends on tlie fact, whether after its 
Composition it is able to provide a eertaiu amount of available 
itrogeiious food and not so mueh on the quaiititv of organic material 
Wi it is likely to add to the soil. The soils to which green manures 
K added du already coiitaiii u much greater amount of organic 
Jhogen than the quantity added in the form of green manures. 
htePusa soil representing the type of soils in the (langetic alluvial 


^ Loc. cit. 
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plain is found to contain 70 to 90 milligrams N per li.n 
soil or 1.750 to 2.000 lb. per. 9-incli acre, while the nil ; o»ei, 
as green manure to the soil is from I'o to 2'0 milligiain^ ^ 
grams of soil nr 37 to 50 lb. per acre. But the large .litfere,,., 
makes to the immediately succeeding crops is dno not n, tl,,. 
amount added but what happens to it after it is iiicoipiaatcd ic 
soil. If we e.xaniine the original soil and the .same .soil to n], 
green manure has been added after some weeks we find sliglit (jjj 
ences in the amount of total nitrogen, but of this onlv a siuaUp 
centage is found as nitrates in the original soil, while undei' optini, 
conditions nearly- 00 per cent, (under field condition.s slig],)],. 
of the added nitrogen is generally found nitrified. We sav'Ure,,, 
allv " because it will be shown later that this may not be nn,, 
Foi' all green manures. That there is a direct relation between t 
nitrates present in the soil aiid the growth of the eiop i.s ijljseivi 
bv all investigators, but i( is worth noticing the singular cuiiiiKbi, 
between the interval necessary for lua.xiniuni acciinuilatiuiioliiitiat. 
after incorporation of green-manuring material as found in tl 
laboratorv aiul the o]itimum interval that .should be allowed to pt 
after Imrial of the green manure before the sowing of the .«iieceti 
ing crop. The period for ma.ximnm accumulation of iiitratet m 
found to be eight weeks at Biisa by Hutchinson in case of saniidieiii 
(Cfotalarii( jiiiKra] as green manure in Piisa .soil and the optiiiiiii 
interval for transplanting toliacco after sann-liein]) buried ii< site 
manure was also tound to be eight weeks by Howard, .liwtlie 
case of nitrate accumulation and the benefits to .succeeding cinpd 
noticed fw .1. Sen in a recent number of the Joiinial o/ .Ig/icd/'W 
Science (Vol. IX. Xo. 1), wherein the author .says It is also intcred 
ing to note here another point which shows a idose I'elatioii lirt'™ 
the growth of jilants and the nitrification processes going iniintlt' 
soil. The period during which nitrates began to accuiiudiite inti* 
soils investigated coincides w itii one of the periods ol rapid pk 
growth in Bihar." We may take it for granted therelore that niua 
formation or rather nitrate accumulation largelp' ii)tliicn«^ ' 
growth of succeeding crops, and hence attention was first pun* 
the stufly of the nitrate formation in preference to ,ii! the multtP 
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ill*''*’ plRC<i in the soil after tlie iiiL-orporatiuii dI aii\' 
li.aterial and which we shall have occasion to discuss huei- 
j'" ’I'Ik' ,1’sulta obtained so far are detailed in this jnipcr as heinf' of 
{^.|-est ti - otlier workers in the field, and also with a view to invite 
jticisia oi as to enable us to direct our efforts in the proper direc- 
tl’,' licht of these criticisms. 

l|) I II ' I ' ‘ O 

Si,\ leguminous plants were chosen for the |)urposc of the 
.perimeiit. 'I’lm plants selected ranged from those possessing 
.iv thin and slendei' stems to those having thick- wDody ones, 
lii, jivenige size of their branches is represented in the ai-coinjtativiiig 



1. ^'inr.-heiiip. 2. Dhaincba. TamariiM). i. (Juvur, *•. Cow-pe.t. li. (.iok>irn. 

'lu'tograph so as to give an ap|)roximate idea of tlieii' I'esijec- 
i'A size at the time of burying them in the soil. Of these the first 
lira are of fhe woody and the last three of the succuleut tvpe. 
llifii l oiuiuon aiul hotanical names are as under : — 

^ann-hemp {Ciotalana jaiKeu). 
l^liaincha {Sesbania aciikata). 
bniuiriiid (Tamar'nvlus Indtca). 
fuu ar {Cijamopsis psoraliokles). 
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Cow-pea (Vigm catjang). 

CTokarii (Clitoria termtea). 

01 these, sann-hemp, dJiaiiwha, gumr and cow-pca are 
used as green manures. Tamarind was included with a \ i('\vto* 
the effect of a greater proportion of woody tissue to the leaves aii 
gokarn for the opposite reason having the slenderest stem of all jj,] 
a comparatively higher amount of foliage. 

Seeds of these were sown separately in a .small pint so as i 
allow their growth in the same soil as was to be used latei out, 
nitrification experiments and under the same conditions, ']'|i 
process, it was thought, would avoid all the other factor.s likelvtul, 
urged to discount the results obtained if the crops were got froiin!, 
different fields. 

The plants were allowed to grow for six weeks when tliev iven 
uprooted and the percentage of nitrogen was determined in eael 
case after proper sampling. Whole plants were taken root a: 
all. Green plants were cut to pieces, averaging about half nn ind, 
and these were separately added to each kilo of air-dry riisa mi 
at the rate of 30 milligran'.s of organic nitrogen in the form, of greti: 
manure per 100 grams of dry soil. Water was added to the soil suir 
to make up the moisture content of the soil up to IC percent, 
allowance being nrade for the water already contained in tlie greet 
plants. The soil and the plant were thoroughly mixed witli tk 
hand and each lot fil led in separate glass jars. The jars were cciveted 
and kept at 30“C. in the incubator. The quantities of iiitrogeii 
and moisture str.ted above were taken as they had been fuuml tuk 
the optimum for the Pusa soil. Samples for analysis were talwi 
after thoroughly mixing the soil, to deterndne the amount of amttumia- 
nitrite and nitrate formed at the end of each week- for the first loin 
weeks, after which time determinations were made after an interval 
of two weeks. Nitrates were determined by the pheiiol-siilplii'H'f 
acid method, nitrites by Greiss-llosvay method, and ummonir' "a^ 
determined by distilling with magnesia the acidified soil extract. 

Chart 1 illustrates the rate of nitrate formation oi' morf cor- 
rectly speaking nitrate accumulation in the soil after addition of* 
green manure. 



CHART i. 
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■j’|,e with tamarind plants is a negative one. Want 

cannot in this case be attributed to insufricient 
i:i' low temperature as the experiment was carried out 

lei optii'i'i”! moisture and temperature and rate of 

ilieation oI nitrogenous material. It is striking as it is generally 
tliat all legumes enrich the soil by supplying organic 
fogeii and tliat all organic nitrogen in any form added to the soil 
litnfied to a certain extent. Phere is no change in the reaction 
(|jf soil which remained basic. It may as well he mentioned 
it under the optimum conditions of moisture and temperature, 
.oinposilion of the tamarind plant tissue and also ammonifica- 
I, to a certain extent had taken place. The failure to nitrify 
.jefore is not due to want of decomposition but may be regarded 
Jup lo some substance present in the plant which actua.lh- 
libits the action of nitrifiers. Experiments are in progre.ss to 
J this out and we must await the results of further inquiry 
lore we can definitely ascribe this result to anv ]5articular 
ise. 

The rate ot nitrification of tlie succulent plants in tliis experi- 
iit is ill inverse, ratio to the succulence of the slems ; the more 
uler and hence more easily decomposable the tis.sue. the slower 
; nitrification : which is rather contrary to general expectation, 
is assumed on a priori ground.s that the more succulent a plant is 
s more easily it is decomposed, and hence more easily available 
; nitrogen contained in it should become. Tiiat it is easih- 
composed is correct, but oti account of the very fact of its easy 
composition the nitrate accumulation power is lowered in the 
ginning. I'o venture an explanation of the fact certain possibili- 
s present themselves which may be put down here briefly. Of 
foe. the first two explain why nitrate formation may be retarded, 
dare based on the assumption tiiat nitrates accumulated in soils 
present the, total quantity of nitrates formed. 

b -dost of the species of putrefactive bacteria that develop 
'tie addition of green manure to a soil can attack both carbona- 
material as well as nitrogenous, and. as a result of some preli- 
'""ti} eicpeiiments on the subject, we found that when pure 
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cultures of some of these putrefactive bacteria were -cparatf', 
inoculated into peptone solutions with and without gluco-e a 
paratively smaller amount of ammonia was obtained by 
with magnesia from peptone with glucose than from pept. me atui 
Similar results were obtained with the complex soil flora actino 
nilcalm with and without glucose. We, therefore, assume tliiit tl* 
course of nitrificatioi! will be similarly affected by easilv 
]iosable carbonaeetms inaterial which is found in greater 
in the form of parenchymatous ti.ssue, in the succulent plant- tli,,] 
in the woodv ones. It is in our opinion on account of the 
of this greater amount of ea.sily oxidisable carbonaceous matoriid i, 
the succulent ti.ssue that we get a smaller amount of nitrooenfni. 
material changed into ammoniacal condition iuid conse((UPiitlv les> 
iiitiificatiun in the succulent plants than in the woody ones iuth 
early stages of decomposition. It must be admitted that tlii- 
explanation is a tentative one. It may have to be abandniu'd if 
further experiments do not confirm the results already obtiiineil, 

■2. The second possibility is that the putrefactive haftem 
■ attacking these succulent tissue.s multiply to such an e.xtent in tlie 
’beginning that by their rapid growth they form bacterio-to.viiis ami 
other products such as indol and skatol, as well as other deleterioii; 
.substances found by Schreiner, Shorey and others. Though icniiifi] 
dll minute quantities under aerobic conditions their presence iiiav 
‘retard nitrification. 

The ne.xt two jiossibilitics presuppose that nitrate acciiiuiilatioii 
is a re.sultiint of all kinds of liacterlal activitie.s going on in the soil 
and that nitrate accumulation is not an absolute measure ol nimite 
formation but the algebraic sum of nitrate formation and iiitr.itP 
reduction. 

4. The lower amount of nitrates formed in the case nf -ih'PC 
lent ])lants is due to the fact that destruction of nitrates take- pki'c 
riie greater number ol bacteria that develop on addition el giw'' 
manures destroy the nitrates that are actually formed, in etliei 'veid' 
true, denitrification sets in simultaneously with nitrate fci iiuition. 

4. I he further alternative is that some of the e itrehnt"'' 
bacteria a.ssiiiulate the nitrates formed for their own cocvtli 
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it 1 'to bacterial proteins which become available later on. 
thrtiit at' nipting to solve at this stage which or liow many ot 
are correct we shall take up another qne.stion in 
(jinpting !0 answer which we shall have occasion to turn to tlie 
cl these alternative hypotheses. 

4 question is often raised, to what part ot the plant the benefit 
nwn manure is due, the portion above groniwl or the portion 
inv gi'ounil. i.e., the root residues, ami it is siiggesteil that the 
(ler-grounil portion, i.e., the root residiie.s. is an important 
ft. ami if further pointed out that if this is .so. it is no use burying 
, ^vliolf i-if the crop of the green manure, but the green manure 
ibe more economically used if the portion above ground is utilized 
the farmer or his cattle as feeding stuff and the portion below 
iiiiid left in the soil to rot. Jt has been assumed bv some writer.^ 
It tlie nodule bacteria being associated with the roots and fi.xing 
; atmospheric nitrogen there, tlie roots are like!}- to contain 
ist of the nitrogen coiitaiiied in the leguminous jdant, this 
,ief being strengthened by tlie fact that a crop of cereals after a 
;nous leguminous one is always better than that after a pre\ ious 
teal erop. The only point of difference in the two cases lies in 
e mots and stubble left in the- ground, those in the case of 
luiniiioiis plant containing more nitrogen. 

However that may be, the question cannot be answered bv 
alogy because we have not to compare the effect of root residues 
a leguminous crop witli those of a cereal one. What wc haw 
niinpiirc is the effect of the above-ground portion with the nndei- 
ciiiiid pnrtion of the leguminous plant used as green mamire. 


iPic can he no doubt as to which of these contains the grcatei 
iMiit ol nitrogen. From the various figures of analysis published, 
cm be seen at a glance that the portion above ground contains 
^il) lliTee-foniths of the nitrogen contained in the whole ])hint. 
<‘ieiiu\ 1,(1 e.xceptions. but Jor our purpose in this case tlie foni 


d' s undo] e.xperiment which are commonly used as green 
Niue.v. ?(.. sunn-hemp, dliauiclm. </iiv<ir ;\ut\ cow-pea. this is so. 
L nitrogen content of leaves, stems and roots from 
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The only way in which it seems possible that tins ^ 
wrong is by having recourse to a supposition that all the no,i,j] 
which are found on the roots of the Leguminosm do not repu^, 
the full number borne by the plant, but a considerably larger nuni, 
are formed on the roots and get loose from the plants , these 
quently rot in the soil and thus add a considerable amount oi iiitroj, 
to the soil. lieaving this more or less far fetched assumptiomsjjj 
let us consider only the amounts actually found by analysis ivlirj 
show distribution of nitrogen in the proportion stated above, p 
is already pointed out, however, in the case of soil nitrogen, „ 
not sufficient merely to consider the quantity of organic intto®, 
but we must also know its ready availability which may difiet c, 
much as to make the root residues more vahiable than the poitii.n 
above ground. In order to test tliis, leaves, stems ami rootswitl 
nodules in the case of four of the plants were carefully analy-ti 
and portions containing equal amounts of nitrogen at the rateoiSl 
milligrams nitrogen per 100 grams of soil were added and allowej 
to nitrify as before and the weekly determinations of aiumoiiii, 
nitrite and nitrate made. The following two selected charts (Xos HI 
and IV) illustrate what happens. All the charts represent the siii* 
phenomenon and hence those of dkaincha and sann-hemp are shown 
as typical. Another chart (No. V) comparing the iiitiifiabilitv oi 
four kinds of leaves is also given which shows differences in tin 
rate of nitrification. There is hardly any choice as reganb tlie 
nitrifiabllity of roots and stems of any of these, the amount bein’ 
so small, but where nodules preponderate as in the case of dkintk 
there is a slight tendency to larger amounte of nitrates acciiran- 
lating. 

'['he results so far obtained clearly show that during tlie tint 
two months of the burial of the green manure, up to nliichpeiiol 
only results of experiments are available at the time of "liti'V 
it is the leaves that are nitrified in the soil, the stems and m 't-, 
anything, inhibiting the nitrate formation or destroying 
formed from leaves, and hence the accumulation ot niti.ites in 
first two months after green-manuring is due to leaves of the 
and not to stems and roots, and, in our opinion, the beiiefivw 
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peen-in, ■■luring on the succeeding crop is to be chiefly attributed 
jje nitrites derived principally from the nitrogenous material 
leaiv- of the green manure crop. The quicker rate of nitrifi- 
of tiie nitrogen in leaves and the non-nitrifiability observed 
( fie case of the nitrogenous material in roots and stems 
irtlier suggests that the beneficial effect which is observed in 
if cereal crop after a leguminous one as compared with the 
jreal after a cereal, is also due principally to the nitro<ren 
pived from leaves which are seen fallen on the land carrying a 
^nminous crop; only a small part of it can be attributed to root 

jsiilues. 

Besides the benefit derived from the accumulated nitrates 
r the crop directly following the green manure, sometimes a 
sidual beneficial effect of the green manure is ob.served on 1 
fond crop following in close succession to the first one after 
:een-inanuriiig. This beneficial effect derived by the second crop 
■mot be reasonably ascribed to nitrates previously accumulated 
ice the nitrates so accumulated are already used up by the first crop 
rcctly following the green manure, and there is nothim^ left of the 
fern manure in the soil except the nndecomposed portron of stems 
ml roots. We have now to account for the residual effect, which is 
lain- times observed, as well as that part of the effect of residues 
ithc form of roots of the leguminous crops (apart from that due 
)tlie fall of leaves) which is found to benefit the succeeding cereal 
Mp, aii^l we have also to see why the roots and stems are not 
‘voiirable to mtrate accumulation. The.sc effects may be accounted 
« in various ways. In order to examine the questions comprehen- 
'ib etna see what is likely to liappen to the organic material 
« I'lioiporated in the soil. The proce.ss is likely to give rise to a 
JiT o changes, any one of which niay dominate the rest, depend- 
'libself*^ temperature and the reaction of the 

tilfilV iiteinonificatiou and subsequently 

ten tb the first instance at least for eight weeks 

Dirncd nitrates are formed mid subsequently 

} he succeeding crops. There are still left in the soil a 
nitrogenous material not nitrified as yet, and such other 

3 
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Hti'ur:tiires as cellulose and woody tissues which resist for a ^ 
the action of the soil flora. The possibilities of furtlier a(„„ 
are : 

( 1 ) The residual nitrogen, i.e., the un-nitrified nitrogen isli^j], 
to be slowly nitrified until finally all the nitrogen is accounted ti,, 
in other words a steady but slow continuation of the lutrififjfjn. 
process. 

(2) The soil being depleted of its large quantities of nitratfi 
nitrogen-fixing bacteria, e./y., Azotobackr Ckroococcum and Clotij; 
dium Pastoriaims and others, are likely to come in action nsingtlji 
cellulose and other soluble carbohydrates that may still lie y, 
The nitrogen accumulated in this way is likely to be iiitrifieil ;ioj|| 
and prove beneficial to the succeeding crop. Thus the plant residue 
are likeh’ to prove an indirect source of nitrogen. 

(3) If the nitrates formed by the above two processes miiai 
unutilized by a long interval elapsing between the .sul»C|iifii 
introduction of another crop they are likely to be assimiLued I 
certain organisms by converting them into bacterial proteins, i|i 
nece.ssarv conditions being easily decomposable organic mattei 
e.g., carbohydrates and air. 

(4) If b\' chance the air supply be cut off by water-Iogsiii 
or some such accident the nitrates are likely to be liecompdse 
into either of the following : nitrites, or any of the gases, amiiidra; 
nitrogen, nitrons or nitric oxide. 

Of these proce.sse5 the last is the most harmful and deptml 
upon the cutting of air supply which we need no; assume for 
normal well drained arable soil. Xitrate assimilation is irot ; 
harmful as the disappearance of nitrates in this case is onl v tpnipouin 
the bacterial proteins formed by bacteria are likely ti,' he iiit'ib 
again. Of the first two sujipositions the second has been 
at Rothamsted and the results published in a paper "Efteiti 
Plant Residues on iNitrogen Phxation ” contributed liv lliitclmc' 
in a recent number of the Journal of Aqrkultiml iSVaVacc (TJ. I- 
No. 1). 

A short summary of the conclusions arrived at Iv ilic 
may be useful in this connection and is therefore given : 
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.■ll.e „itrogen content of sand or soil may be appreeiablv 
the activity of Azotobacter when some suitable source 
energy a>i<l starch are suitable for this purpose 

jjininct gains of nitrogen have also been obtained by the use of 
resiilncs. Distinct gams of crop resulted from the application 
,.jfl,onai cons compounds under favourable soil conditions. In 
l,„o„ to the supply of some source of energy, a suitable teinpera- 
f. tlie presence of phosphate, and a supply of basic material, .such 
cikiuiu carbonate, are neces.sary for the sucee.sslul operation of 
rogeii li.Vfition process. 

■ FAen under the most favourable circumstances for nitrogen 
itioii. there occurs a period during which adverse proc-esse.s 
Ilf into play, and it is not advisable that a crop be introduced 
',ji'f tlicse have run to completion.” 

These couclusiotis are based on longer e.xperience ami therefore 
;i firmer basis. Our experiments though not yet completed 
lirin the coiicTiision that nitrogen is fixed in soil and in sand with 
ler glucose, sugar or filter paper as the source of energy. We 
e however found that the nitrogen fixed in this way does not 
ilV witliin four weeks, i.e., no increase in the amount of nitrates 
liy present in the soil is obtained within four weeks. It is 
er ohservation whether the nitrogen fixed by the bacteria will be 
ifie 1 afterwards and also when it may become available. We 
e further olj.sei'ved in pot e.xperiments that part of the nitrotren 
1 by the nitrogen-fixing bacteria with glucose as the source of 
■g}' is in a form capable of being absorbed by plants without the 


iventinu of nitrifying bacteria. 

Altluiugli it may be taken as definitely proved, therefore, that 
f’geii fi.xation occurs with green manure residues in the soil, it 
""’til "hile to examine the cause of the slow uitrifiabilitv 
lie iiu-iiitrified nitrogenous material as this is likely to throw 
e liglit on the iiun-iiitrification of nitrogen in stems and roots, 
leii.ititutiou of the nitrogenous material in question may be 
c eh a.s the probable rea.son of this slow nitrification, 


1 of 


each 


iiittogenous material being assumcrl to have a different 
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Some experiments were, therefore, undertaken oii 
kinds of nitrogenous materials. The evidence obtaiue*] ( 
does not support the idea of difference in nitrifiabilit',-, 
of the substances tested showed any variation from dup 
in this respect, and unless some substance showing a dijpjji 
nitrifiability is actually found any explanation based on tliis po«ii 
lity will be unsupported. Attention was, therefore, next direcf 
to find out whether the non-nitrogenous material in the imjpffjp 
posed tissue has any influence on nitrification as this undeconjpjjjj 
tissue which does not nitrify quickly is largely composed of [•elliJoi 
and woody tissue, and as stems and roots which do notnitiitVdi 
contain a greater proportion of cellulose and lignin than tlie imi 
easily nitrified leaves, we proposed to ascertain w'hat effect some < 
the non-nitrogenous materials have on nitrification. Experimeiii 
are still in progress. Tt may be added that this question is ratlie 
important from a biological point of view, as althougli iniicli wl 
has already been done on the subject l)y otliers, yet sometime 
definite information is found ivanting. Among other substaimi 
dealt with, sugar, starch, filter paper, cellulose, stra^v, .saivdiiii 
resin and gums were experimented with. Some of these arelilceh 
to be present in succulent tissue, others in the more wood\' portioD, 
The results obtained .so far indicate tliat when eacli of tliea 
substances is separately added with either ammonium .milpimteoi 
oilcake as the nitrifying material to Pusa soil, acciiiuiiliitioii ol 
nitrates is effectively checked as compared with the eoiitrois, 

It is inferred from this that destruction of nitrafps take>ph[' 
in the presence of tliese substances. To this destruction of nitrate 
i.s probably due the adverse effect on plarit growth produced in ti 
application of sugar, starch and hay dust in the Rotha mated expeti 
ments when a minimum, of interval elapsed between tJie apphcatioi 
of these substances and the sowing of the crop. 

It is clear from the above experiments that the failure of 
manure to nitrify as in the case of tamarind [Tamanni^^^ 
or parts of green manure such as stems and roots in all tlm H 
kinds of green manures experimented with may occur under optimum 
conditions of moisture and temperature and rate of apolicatioiu 
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(Jf tU' different parts of green manure, leaves nitrify quickly 
iliilt’ stems practically do not show any nitrification. 

peiiir. it follows {«) that most of the immediate effect of green 
yiiiiies 1 ' due to the nitrogen contained in the leaves being quickly 
ifrificil,- .!!id also (h) that the effect of a leguminous crop on the 
uteediii!! mostly to the fall of leaves from the 

guiiiinoiis crop. 

Xlie failure to nitrify so far as ascertained doe.s not depend 
, the iiiituie of the nitrogenous materials. It is probably due to 
tratc reduction occurring in presence of great quantities of non- 
trageiious materials such as cellulose and woody tissue. Whether 
is possible to avoid these failures by eliminating the effect of these 
iistitueiits or these constituents themselves wliich adversely affect 
eater fertility by inhibiting nitrification is a .subject for further 
quiiy; but it should be borne in mind that this cellulose and 
)oJy tis.sue is very likely to serve as a source of energy to iiitrogen- 
iiig bacteria such as Azotobacter and thus ultimately prove an 
lircct source of nitrogen, and to the nitrogen fixed in this way 
! residual effect of green-manuring and the effect of root residues 
the leguminous crop on the succeeding cereal may possibly be 
.'libeJ. 


file paper was followed by a good discussion, the substance 
which is given below : — 

Ihi. Gilbert ,J. Fowler. — in my view the author is really 
iisuriiigin bis experiments the resultant of a number of reactions, 
is well kuuM’ii that under aerobic conditions the only method by 
wli cellulese is broken down otherwise tlian by the action of 
tiiin muiilds, etc., is by the reduction of nitrates. The rapidity 
fhis (IcnitiificatiojL M'ouhl depend, as the aiithorhs experiments 
Icated, on the character of the cellulose present. With a resist- 
form of cellulose, e.g., the skeleton of leaves, the nitrate formed 
ondation of organic nitrogen might be absorbed by the plant 
wo denitiification could take place. With less resistant cel- 
1*^ the reverse might be the case. It is wortliy of suggestion 
wfier some form of silage of green manures under controlled 
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couditicms, preliminary to tlieir application to the soil, nnv 
to nitrogen economy. It may also be pointed out that 
presence of carbohydrate material Ls favourable to deiiitiifiiyj, 
it facilitates nitrogen fixation. 

All these factors have to be separately con.sidered and, if 
separately studied. 


M.r. B. G. Bi:rt.— Some results obtained with legmiii,-,, 
crops grown on drain-gauges at Cawnpore suggested that it hbj: 
oftett happen that the effect of the roots of green crops was mt 
all proportion to the amount of nitrifiable matter that tliev 1. 
in the -soil. In those experiments, one gauge carried a iinj 
.sauu-hemp {Crolulam jirtKca) (hiring the monsoon, wliidi » 
removed green in Septeniber and followed by wheat in Ditnler 
the control gauge was fallow in the rains and carried a tdicutcrii 
in the cold weather. iMthoiigh the addition of organic iiuitternj 
small, the accumulation of nitrogen in the sami-hemp gauge k 
most marked. The conditions were admittedly aitificiiil (uvii: 
to the fact that the false bottoms of the gauges provided fiu' ifidti 
aeration as well a.s ensuring drainage, but the results \veic.sngge>tii 
and experiments imder field conditions were now in pingrws 
In respect to green-mamiring 1 deprecate too much limiting 
attention to the amount of nitrogen added to the soil liy iiteai 
of green manures. Experience at t'awnpore .suggested tlint tin 
effect of the green manures on the physical texture, of the siiih» 
of the greatest importance, whilst, on the other hand, iiiilcst 
and aeration and soil texture genenill}' were right within kitl 
definite limits, green-mamiring was freipiently not successliil. 


-Mr. R. D. Assxead.- In considering any work on tliiw'iihifi 
it is always difficult to correctly interpret the icsuits idti'it® 
There are so many factors, some pulling one way and some uueth'' 
chemical factors, biological factors, climatic factors, jili'. sieul 
each having some effect— that it is difficult to grasp wimt an} I'-t'” 
ctilar re.sult really means- Uuring this Congre.ss we ln,\e xl*" 
told of colloidal factors, and now we have a pos.sible inlo^ tUii,!} lJ' 
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sjji AiS 40 1116 tiiat IvllRt IS 1166(16(1 IS <in RttGllipt to (iGtclllUJlG 
^ o factors of what must be a complk-ated reaction or 
111 nactions and to isolate these, if possible, and detennine 
g f each. Only then shall we able to rigidly interpret 
suits. 

'I’lir r.'ork ivhich I have been doing for many years leads me to 
|ie\e that we are apt to bow down too much to the fetish of 
riiminous green dressings. I find that plants which are noiidegu- 
jious, other things being ec[ual, are very often just as good and 
,e ijuite as good results in rich soils so that it is not entirelv the 
:ixigcu content which has to be considered. I'hc great value of the 
[uiiiiuous plant lies in the fact that it can often bo, giown suc- 
,sfully as a cover crop on a soil poor in organic matter to begin with 
Here ill fact it is badly needed, for example on laterite. By means 
itlie liacteria-coiitaining nodules it is able to obtain the nitrogen 
ruiyiii'es fur its gi’owth from the air. But it must bo rtunem- 
uflil that there is a great deal of evidence to show that in rich 
■Siiiuc soils the leguminous plant does not develop large quau- 
tics (if nodules, being able to do without the help of the bacteria 
111 to get sufficient nitrogen in the ordinary way. On such 
'ils it comes down to the level of the iioii-leguminuus plant, 
id this is another factor to be taken into consideration in this 
.ii'k. 

-t great deal mure work remains to bo done before any definite 
rciimmceinent can be made with safety as to what does or does 
nt liuppcn when organic manures in the form of green dressings 
te nitrified in any particular tvpe of soil, and 1 feel that this work 
iuiilil aim at discussing the critical factors and their individual 
Iwt. 

Ihe whole subject is one which might with advaiit.age be taken 
p imd (lis( us.sed at the sectional meeting of agricultural chemists 
’‘1' as that to be held .shortly at Pmsa. Such a meeting might 
adeiUdur to collect and .summarize the literature on the subject 
'"1 flic wui'k which has already been doin', and make definite 
'ipu.suls 11,5 Ho the lines oii whu'h such work might tie contiuued 
^ ffe fiitme with the special points to he sohed. 
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Dr. R. N. Norris. — At present, in the study of the 
tion of green manures and other organic manures, there is ,i teudjijj 
to limit attention to the nitrification stage which is afteu all r 4 
the end stage of a considerable number of reactions, i tliin]; i 
more work is needed on the preliminary decompositions iuvo],, 
with a view to ascertaining the mature of the intermediate piodn,^, 
and the influence of these on fertility, e.g., humus prodiitt-,,,, 
solvent action on mineral matters in the soil, etc. 

Ill ?Iadras, where tlie chief use of green manures is in coniKifij., 
witli paddy, the nitrification stage docs not occur, as the fenneut 
ation takes place under anaerobic conditions. As Hanison aj 
Subramaniii Aiyer liave shown, the influence lierc is an iucliredoi, 
largely resulting from the carbohydrate fermentation, the produti 
of which lead ultimately to the aeration of tlie crop. Hence, ivoi 
should not be restricted to the nitrogen cycle only as the taih 
hydrate fermentation may be of equal importance. 

What I advocate, therefore, is a systematic bio-chemical stml 
of the fermentation of organic manures by soil bacteria carried mit 
as far as po.ssible, in a qmtditative maimer and under such vatvia 
conditions as may obtain in the soil. 


Mr. Joshi replied : — As it would take too long to give a repl 
in detail to all the questioms raised in the discussion I shall ret 
to only a few. Although a great number of changes are bound t 
occur on the addition of green manure to tlie soil, 1 lia\e tiin.-e 
nitric nitrogen to represent tlic difference in doooinpi.i.sifii'ii ' 
green manures because addition of nitrogen is one of tlic iiupwtai 
factors involved in grccii-manuring and nitrates are tiic end ])i«liiil 
of a number of clianges in tlie nitrogenous matoiial so aiMoi an 
also because nitrates, if accumulated in the soil, are likely to liave 
great influence on the crop immediately succeeding tlie green mauU' 
As pointed out in my paper, it is not so miicli tlie nature d 
nitrogenous material that influences the accumulation oi nitiati 
but tlie presence of carbohydrates, and, I think, it i.o the iiuadi’ 

of substances like cellulose, lignin, sugars and resin rnliier than the. 
quality which so affects the ultimate result. 
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|,„:u as difEerent green manures give rise to different amounts 
it is not of material importance whether we say that 
jell luaii'iires are differently nitrified, or that green manures act 
so man,'- sorts of catalytic agents for the nitrification of the inert 
<iJ the soil, as Dr. Mann suggests. In the end. I may 
, that 1 have not altogether lost sight of the other questions 
iscd. Experiments are already in progress to solve .some of them 
(1 others will receive due attention. 

As regards two other points raised by Dr. Fowler, I may add 
It I have already referred in my paper to the question of nitrogen 
jtion by the carbohydrates which adversely affect idtrate 
uiniilation. The question of “ silaging ” of green manures has 
eady been worked out and a modified method of green-manuring 
s been recommended by Mr. Hutchinson in the Pusa Research 
stitwte Bulletin No. (JS. 



THE BIOLOGICAL DETERMINATION OF THE 
RELATIVE AVAILABILITY OF DIFFEREXI 
NITROGNEOUS ORGANIC MANURES 
IN BLACK COTTON SOIL, 

BY 

F. J. FLYMEN, A.C.G.I., 
iMiuti-lmeiit <if Anricidlurc, Ceiilml, Produce^, 

A.VB 

I). V. B.4L, L.Ao., 

B'lcti't'loloiiiffil Aa-^istaiil. 

Ikji'htun'iil (if .liji icnll'ire, Ccnh'iil Proi'inces. 

1. Introduction’. 

Thk iivailibllity of Viiriou.s )nanui’e.s is a very impintiiK 
pio))lpnu as all plants (lepeiid upon available food material lortliei! 
nntvition. Necessary food material will be available onlv wlicii h i- 
soluble ill soil water and tlnis capable of assimilation by the plant:. 

In former days when methods of soil bacteriohigi- Ii.nl M 
developed, the valuation of organic nitrogemons manures washn^d 
mostly oil the percentage of nitrogen found by chemiial aiiiihsk 
Rut just as the nutritive value of various fending stuffs ilepoi'l: 
more on their available constituents than the total, so alsc tk imI 
value of an organic nitrogenous manure depends more mi its avail- 
able nitrogen than the total amount shown by anal} sis. It 
also be possible (as in the case of feeding stuffs) that a piirtiviil" 
kind of organic manure, though found to be valuable to a partintlii 
class of soil, may have an entirelv different value ivhcn iipjilinl t" '' 
soil of another type. We shall now con.sider how the aiailiihito,' 
of various manures eaii be e.stimafe(l by biological methods- 

ft may be ailmitted that organic manures, when added te tl^ 
soil, have to undergo physical, chemical and biologmd 

( 414 ) 
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f|,,\ reach the plants, and that the last of these cliaiiges 
the most important. Although there are various 
nlogi.al changes to which organic matter is subjected in the 
the ii'ost important is the decomposition of nitrogenous 
3,taiues, Formation of nitrates is the ultimate end product of 
^ biological process. It is for this rea.son that we have chosen 
fillability as a measure of the availability of organic nitrogenous 
^iiiiires. 

: Lipiiuui and Burges^ have also emphasized the value of nitri- 
abilitv iis a standard for comparing organic manures. The method, 
^erofere. which is adopted here to determine the availabilitv of 
arious luanuves is based chiefly on the determination of nitrites 
11(1 nitrates formed in the soil at different periods aftei' the addition 
1 the iiiaiiiire to the soil. 

The value and necessity of such investigations into the relative 
Viiilaliility of various organic manures has been realized by manv, 
11(1 it lias also been sugge.sted by Hutchinson^ that tlii.s and otlier 
inilar lines of work should be undertaken by agricultural bacterio- 
laists. Having given H brief outline of the subject, we shall now 
ini to the experimental side. 


II. E.XI'ERIJIENTAL. 


The different orgatiic manures employed in this e.xperiment, 
itli tlieii^ respective organic and nitrate nitrogen percentages, 
i»ei'C as follows : — 






Total 

X 

Nilrate 

V O' 

.0 

Kiininja cako {Pontjumoi glnhru) 

‘ .Mifkua {BtisHia hilijoiin) 

( astor uake {Bicint/.t wf/nntuii^) . . 
jSiDsoii fslii;. {BrirMsicu aapifs) 

'• cottoji cake 

' -l-i!! -ike (oil-free)* .. 



; 

j 

nil 


'.(L wa.. cninldved .■dimply for tlic sake of coiiiparisoii. It is not coiiimouiy 


uscil Jty tlic culfivutdi'i:. 

Agric. Expt. Siaiion, BuU, itiO. 

^'^hmoirs. Dept. Aijrk. India^ fiactaiotogiail vol. J, no. J. 
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Sufficient care was taken to use as far as possible iiiiiteria]j 
approximately the same size by passing the finely ground imt,, 
through a I mm. sieve. Instead of adding a definite and 
quantity of nitrogen to the soil, a fixed quantity of maniiro. namei, 
one per cent, of the weight of the soil, was employed, [{aj 
procedure not been adopted, the quantities of manures 
in the various cases would have been very widely different owinj,, 
the varying percentages of nitrogen, thus probably interfering «iii 
the soil texture and consequently with nitrification. 

The soil employed for this experiment was from the Xaopu 
.kgriouitnral College Farm. This soil is the common type of ordiujf, 
black cotton soil as found over large areas in the Central Pruvincei 
and Berar and many parts of the Deccan. Its nature will be 
from the following physical analysis ; — 





Per oent. 

Clay 

Fine silt 



. . 45'li2 
.. 21.8i 

Silt 



. . 10-79 

Fine sand 



1-23 

Coarse sand 



6-01 

Moisture 



0-37 

Loss^on ignition 
Calcium carbonate 



0-08 

0-10 



Total 

. . 100-63 


The .soil was sampled in the usual way, and the portion wiiii 
passed through 1 mm. sieve was used in the experiment. 

In the first place determinations of initial moisture, iiifrites 
nitrates, etc., in the soil were made, the results of wliidi are a: 
follows : — 

Percentages on dry soil 

Initial moisture .. .. li'i 

kiaturation capacity .. .. (as tlctL'iimneJ ty ^ 

soil layer of 1 '.-ui' 
deplli) 

Initial aiumoaia . . , . . . nil 

„ nitrates . . . , . . , . JSIiglit trace.'- 

„ nitrites . . . . . . , . nil 

„ nitrogen . . , . , . 0 '038 

Method of procedure. Boil representing 500 grui- "1 
was mixed thoroughly with 5 grm. of the manure m !)e 
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1 5 uffit'>'nt water (about 30 per cent.) «-a.s added to bring the 
1 to tlie optimum moisture conditions required, i.e., approxi-. 
telv half saturation capacity, allowance being made for the 
istiire Di'iginally contained in the soil. Any loss of moisture 
, tn evaporation was made up every week if found to be more 
„ ] pel' cent, of the soil weight. The .soil was well mixed up and 
into glass jars with tin covers and incubated for a period of 8 
.ps at room temperature. As these experiments were carried 
t (luring the months of August and September, the room tempera- 
te was not generally much lower than 30°C. during daytime- 
iioinits of ammonia, nitrites and nitrates were determined fort- 
jlitly.and only ammonia at the end.of the first week. For estiraat- 
piitrites, nitrates, etc., soil equal to 100 gnu. dry soil was taken 
f and occasionally shaken with water for half an hour. 100 grm. 
soil to 300 c.c. of water were taken, allowance being made for 
? «ater already in the moist soil. The whole soil emulsion was 
=11 measured, and half of it was filtered througli ordinary filter 
per, while the remaining half was used for the estimation of 
imonia. 

Ill the filtrate nitrites were estimated by the Griess llosvay 
„=t!iod, and the nitrates by the phenol-di-su’lpbonic aeid method, 
loloursin both the cases were matched in a standardized Lovibond’s 
iiitomcter. 

For estimation of ammonia, half the soil emulsion was acidulated 
nth hydrochloric acid and left overnight. After the soil had settled 
bini completely, aliquot quantities of the supernatant liquid were 
listilled with freshly ignited magnesia, and the ammonia was esti- 
nated by the usual titration metliod, X-IO acid and alkali being 
snployed for the titration. 

The amounts of ammonia, nitrite and nitrate, as determined 
h the above-mentioned methods, arc given in the table on 

■flti next page. 
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facts can be ascertained from tlie foregoing tal.le. 
I f|,p Jesuits can therefore be individually examineil for each 

I, UK' sejcu’citel}' . 

Kmwi/i cake. This cake appears to be very susceptible to 
fificatioii. Two important features are noticeable about tliis 
i,u,.e-oiie is the absence of such high concentrations of ammonia 
till soil as are found with cotton and tiU cake ; anil the other 
(lie rapid formation of nitrates which is not experienced in anv 


(lie other manures except cotton cake. In thi.s case as much as 
pfu. cent, of the nitrogen is converted into the form of nitrates 
tlio end of fourth week as against 16 per cent, witli castor and 
cukes lUid 20 per cent, with mrson cake. 

cake. This cake seems to ne very peculiar in that it i.s 
pt nitrified at all even during a period of 8 week.s. ’I'he nitrogen 
j this manure appears to be resistant to tlie action of soil micTo- 
rranisms, thus totally excluding mahtia cake from consideration 
s an active organic manure. Ammoiiiacal decomposition also 
■ems to be tardy in operation in this ease, and it amounts to practi- 
illy nothing even after a period of 8 weeks. In order to further 
luciiiate this problem of ammoiiiacal decomposition, a special 
xpei'imcnt was conducted as follows 
.1 quantity of m/ihua cake, containing 60 milligramms nitrogen, 
•as added to a solution of sodium chloride before or after tlie various 


tfiitmeiits as detailed below, and the whole wa.s then sterilized, 
lie rai.xture was then inoculated with 1 grm. of black cotton soil 
id menbated for a period of 8 days. .Afterwards the amount of 
iiimoimi formed wa.s determined by the usual magnesia method, 
n cidei to compare the re.siilt.s of this experiment, another set of 
i.itioiis (ontuining tili cake instead of mahmi cake was emjiloyed. 
Tlie ti-eatiuent of the cake was as follows 
'■ ^lahua cake (containing 60 mg. N), plus 100 c.c. O'o 
w wit, .soduim chloride solution, jilus 1 grm. Idack cotton soil 
■"™ cited witliout any treatment). 

Mnhna rake us above, hut heated up to 120rt\ dry heat 
^‘ Sterile, flask, phis 100 c.c. sterile OA per cent, sodium chloride 
" . allied afterwards, plus I grm. black cotton soil. 
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3. Mahm cake plus 100 c.c. 0-5 per cent, sodiinn plii 
solution (both sterilized at 130°C. moist heat for 15 minute^' 
then inoculated with 1 grin, black cotton soil. 

The amounts of ammonia formed after a period of 8 days on 
60 mg. nitrogen originally contained in the material w 
follows : — 


Mahua cake TUi cake 

0‘07 rag;. 25-90 mg, 

2. U-42 29*40 „ 

3. 0*42 „ 30*10 ,, 


From the above experiment, it is seen that the amraoiiificat' 
of mahm cake does not take place at all quickly, and at tte « 
time artificial treatment, such as dry and moist heat, does not 1 1 
it in any way. I fence nitrification appears to be impossible ivitlii 
a period of at least 8 weeks. Whether it is nitrified at all or mt 
after a very long period is not yet ascertained, but, as a niamrt 
ymhua calm cannot be classed with the other commonlv occiutW 
cakes. ^ 

Why this material should not readily decompose in the soil, at 
what treatment is possible to bring it into a suitable form for quit 
bacterial action, are problems under investigation. 

Castor cake. This cake appe vrs to be .as quickly decomposiii 
a manure as kamnja cake, rl':!ioug’ in the beginning a lower petceiil 
age of nitrates was found. 

Sarson cake. This cake seems to be the slowest in decoiiipoii 
tion of all except mahua. at least so far as its nitrifiability in blacl 
cotton soil is a guide. 

Till cake. This is more or less on the same level as Imiiijn 
castor and cotton cakes as regards the total percentage of iiitrogot 
nitrified, but it is not as rapidly nitrifiable as karanja and cottot 
cakes. Accumulation of ammonia seems to be higher during fl'f 
first 4 weeks in this case than with karanja and cotton cake.'^. 

Cotton cake. This seems to be more or less similar to kdiwf 
cake in every respect. 

Tili cake {oU-free). Considering the total percentage d 
nitrogen nitrified, this cake is the best of all. High conceiitration of 
ammonia and nitrites, however, takes place with oil-fro.c cake to a 
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ex ^nt than with the other manures under investigation. 
IP total ..nantity of nitrogen nitrified goes as high as 79 per cent 
jjgainst n to 67 per cent. in other cases. The fact that the removal 
ipil from oilcake increases the rate of nitrification has been observed 
I other oi-casions also. Whether the costly process of removing 
I from oik akes would in the long run be economical merely from a 
amirial point of view is doubtful, particularly when it is considered 
ji, cakes fiom hydraulic pres.ses do not contain sufficient oil to 
riouslv letard decornpo.sition. Machine-pressed cakes for maim- 
,1 purposes will, however, be distinctly more advantageous than 
ose obtained from a country qJMiii (mill), a.s the oil js tar 'more 
inpletely removed in the case of the former. 

111 . .S11M.MARY. 

1. Ihe relative availabilities of the common oilcake.s used 
iiumire have been determined by considering the rate at which 
.nitrogen they contain undergoes bacterial transformation, 

2, I'he soil used in the experiments was the common black 
itton soil of the Deccan. 

:k Rxcludiiig oil-free tUi cake, Imrcmja and cotton cakes 
ipear to be by far the most quickly available, and castor cake 
not much inferior to them. 

t. Till cake is not quite so active, although the nitrogen 
timately nitrified compares favourably with that of other cakes? 

5' Of the various manures used in this experiment, with the 
■ceptio!! of mahua cake, mrson cake is the slowest so far as its 
tefiability m black cotton soil is concerned. 

6. The nitrogen 111 mahm cake is neither ammonified nor 
" nd to any appreciable extent during a period of 8 weeks. 



A STUDY OF THE CONDITIONS UNDER, \VHi[[ 
WA.TER OF TIDAL SALINE CREEKS IS 
UTILIZED FOR CROP PRODUCTION 
INKONKAN. 


BY 

V. 0 . GOKHALE, L. Ac.. 

Deputy Director of Agricuhure, Koukun Division. Jtqtimire 


A PRACTICE of using waters of the saline river creek's forgron 
some of the («nimonly cultivated crops has come to the noticfofl; 
writer in Konkan. 

With a view to clearly understand the conditions imder A 
this is done, and thus to find out the possibilities for the erteiiii 
of the practice, a detailed study of the question was taken i 
The results which the enquiry has led to are of some .■ideiiti 
interest, since they seem to take us some way further in otir exists 
knowledge about the resistance of agricultural plants to the salini 
in the water they have to live on ; besides, a good scope is a! 
indicated for the extension of the practice to newer iiivas, idi( 
it is not known at present, but where the conditions may be foul 
suitable. The object of this paper is to record the iiifoiniatii 
which lias been collected and the findings which have been uniii 
at on the subject. 

The practice attracted mv attention first enili' in fi'*' 
1916, when 1 was touring along the Savitri river creek (Bu'ib 
Mahad creek in the Kolaba District of the Konloni). where 
ful crops of brinjal {Hohnum melongena) were seen giuwing "ifi' * 
exclusive help of the water from the .section of the creek bd"? 

( +22 ) 
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igaon iiifi -'laliacl, i.e., about 20 miles higher up i,, tlie interir,, 
tlic inoath of the river where it joins the Arabian Sea. Knquir- 
^agiicultiirai, chemical and geographical -have sim-e been m 
am! it has been possible to-day to fairly define the condi- 
i,n(ler '.'hich the practice of growing some crop.s with the help 
[ji,. jrtliiu’ "’ater i.s followed. ^ 

DESCRlI'trpN OV THE TRACT UNDER OliSERV.ATION IN RESPECT 
TO ITS CREEK.S AND CREEK SIDES. 

: Before descTibiiig the conditions in detail, it would be desirable 
brieliv samiuarize the physical features of the area under onqiurv 
giiallv in i-yation to its rivers' and creeks. I’he study of the 
■stion lias so far been confined to Koiikan, i.e.. that part of the 
lubay Pre.5idency stretching along between the west coast of the 
abimi Sea and the Western Ghats, and compri.sing of the four 
trictsof Thana, Kolaba, Ratnagiri, anil. Kanara (d'xcluding the up- 
it portion). It receives lieavy storms of rain measuring 100 inches 
more in a vei}' short period of four months of June to'.S'eptember 
ii hilly and much traversed by rivers of more or less size, which, 
iiigiii flie (jiats, take their course more or le.ss westwards across 
' lireadth .until they join the Arabian Sea. bv short draimme 
iiraels which form the tributaries of the large rivers and bv 
■kwater channels, 'the water from the sea rises liack in tlie.se 
tei lilies at high tides to more or less distances according to the 
Jth and the fall of the courses, in large rivers going as back as 
10 33 miles from the sea ; above this point thev are sweet water 
larns. whicii greatly diminish in their size, in some cases almost 
ml. as the fair season advances. For about 15 to 20 miles from 
innouths the creeks wind between low-lying plains on either 
- ''liicli are permanent marshes or reclaimed salt vice lands, in 
lomparativcly flat and open country of the Thana. Kolaba and 
mm districts, or between deep gorges formcif bv the .slopes 
Mrrow valleys of the Ratnagiri District. Higher up. towards 
ligli tide water limit and above, however, their courses in 
iises lie Ijctween steep banks five to ten feet or more above 
'iiter-leiel, which stretch more ’or less wide and flat, or gently 
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sloping if at all away from the bank ; these belts of nplaiK] 
submerged at high floods of the river during the lainv 
and receive deposits of fine silt ; these are called malkhanfj;^ [, 
silt, kkatd piece), and are usually deep, fertile and retentive 
moisture and grow fine dry crops of tur (Gajams indicnx) am] j, 
mum (Sesamum iwdicum) in themhi (winter) season; on snffitjfji 
high batiks which are less liable to submersion, oven Ihnji:,, 
like nagli {Ekusine coracana), vari (Panicum mMiacenni). am] 
sited {Guizdi-a ahgssinka) are grown. 


Factors determining the successful growth or 

CERTAIN CROPS WITH SALINE WATERS, 

Degree of salinity which the crops cultivated can mtksi 
Now, coming to the describing of the determining factors, t 
first that may be considered is the degree of salinity of the wat 
which is actually being succes.sfully used for the growing of certj 
crops. It is the common belief that the waters of the creek, 
described above, are quite sweet up to within a few miles to the* 
during the monsoon, owing to the very large volumes of sweet wat 
from the characteristic heavy rains of Konkan flowing into tki 
and after the monsoon they acquire more and more salinity in staj 
as the fair season advances and as the volume of sweet water dii 
nishes, until at last they are considered to be quite unfit by about tl 
middle or the end of February. The character of the past ijif 
season is believed to advance or retard the acquisition of salinit 
thus a year of deficient rainfall as the current (1918) year, oien 
too early cessation of rain is asserted to bring on salinity earte 
In order to verify this belief and to measure it in definite tm 
samples of waters taken at the time of each watering that was givf 
to a crop of brinjal (Solamm melonyena) throughout its gw™ 
period from the creek of the river Amba near Nagothiia (KoU 
District) were analysed for their salt contents through the kind* 
of Dr. H. H. Mann, Agricultural Chemist to the (loverniMi't i 
Bombay ; the results are set out in the following table : 
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It will be seen that the above analytical results at!' 
to bear out the popular belief and clearly establish thai 
011(1 of December creek waters from the sections when' thevir^ 
taken, i.e., about 27 miles away from the sea and abuut ? jj 
lower than the highest limit of tide water, are tolerably ^ueetj 
fit to sustain crop growth, and that after that time tlu'v 
saline and remain so for two months, while by the end of tVJjrBj, 
the salinity suddenly increases to as much as about f hree-fonni 
of the salinity of the average sea-water. Another iiotenonl 
point that can be deduced is that the salinity from the iiiiidl,, 
.Tanuarv onwards is more than the limit which might be ordim,] 
considered 'as the strongest that ordinary crops or even rb.tl 
most resistant of the crops known, were so long known tfiiiiti 
stand. The eiiquirv, however, reveals that certain crop.s as ate j 
present cultivated can, as is actually the case, witli.stan(l even larj, 
degrees of .salinity. 

Next, in order to find out how far and under what phyainil 
other conditions and circumstances similar practices ilooi dmn 
obtain on cret'ks of the tour Konkan disti’icts, some ti-piral ji 
important creeks representative of each of the four districts ite 
sui'vei'ed. In the Tirana and Kaitara districts the ))ra(ti(( 
unknown ; the rea.son given is the ignornticc of how such « tlii: 
could bo pos,sible. hr the Kolaba District, on the litwdainlii flc 
creek, the cultivators do not take any crops, though tliev knmvi 
fact that their neighhottrs at Xagothria orr the Dhai'ainiar creel' 
use the saline water for raising certain crops. But on the leDiiiuu 
important creeks of the Kolaba District, and almost ell tlif' 
creeks of the Ratnagiri District, the pr-actice appears tn be geiiefii 
known and m vogue in particular sections of the creeks ns desrnW 
hereafter, 

Part'S of the creek which are CMtisidered and (oend c'l/dtl 
The distance from the sea to which the high tide u'cehes nii liuJ 
(jreeks in Konkan is generally 25 to 35 miles as has nbciidv 
said above. It was imiformly ob.served on all ci'(wks that ifc" 
of the saline water for crop production is generally (mdine'^ tet^ 
large creeks iind its tributaries, and to such sections im tlieimi 
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jiin til ■ 8 or 10 miles of the tidal limit along which there arc 

will! deep, well-drained soils, and high enough as not to lie. 
by tidal waters, but not too high (up to about 10 feet) to 
l;g water lifting prohibitively costly. 

'fjie loasons for the absence of any similar cultivation of cro[)s 
|i saline waters along the lower parts of the creeks are stated 
be tivo : The first and the most common and likely is that the 
tjfs ill the lower sections as the sea is approached get . more and 
re, saline, and that too earlier than at the sweet water ends. 
.Qiidly, along the low-lying, creek side plains of Thana and Kolaba 
eks, there are no suitable lands close by the waters, on. aceouiil 
their being either marshes or reclaimed salt rice landtj wliicli are 
ieved to be containing already an excess quantity of salt. Along 
I creeks in the Ratnagiri District, however, the second condition 
is not prevail, the hill slopes edging the creek waters and affording 
lea.st some good land fit for cultivation ; but even here no saline 
ter cultivation is thought of. 

Both tliese points require further investigation l)y actual 
ilvses and trials. 

Crop found suitahh’. Brinjal {>'dolaHum meloiigeiia) is by far 
commonest crop which is cultivated under the above conditions. 
Hies {Capsimm frutesceiis) is the next one in importance, not 
ng however considered as resistant to salt as brinjal ; castor 
eunis communis), sweet potatoes {Ipomea batatas) and maize 
•a Mays) .sometimes are seen to occupy the borders, odd corners 
as a sprinkling in the main crops of briiijals and chillies. There 
iiu special varieties of the.se which are recognized as particular! v 
table for cultivation on saline water. In Kanara District, a 
itary instance of the creek water being used for irrigating young 
oiiut seedlings in the months of April and May without any 
parent harm to them ivas noticed at fledge in the Kumta taluka. 
Method oj cultivation. Sites liaviug suitable, .soil and level 

I 1 • ^ 

‘ ^ at points where they would be edging the water of the creek 
tlie lift would be small are usually selected for cultivation, so 
H the lift iiiid lead of the water would he. as little as |)ossible. 
tcbei . after the monsoon rains cease, the soil is broken up 
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by a plough and further pulverized by the breaking of 
mallets, and is thus thoroughly prepared to a depth of 6 s 
If there be not enough moisture in the soil, it is wetted 1,\' po^ 
water in small patches at from 2 to 3 feet apart each way, Imy 
wet soil holes 3" to 4" deep are bored with a peg or a stick, and 55^,1 
lings are inserted in these holes and soil pressed over. Xo nviiiut 
i,s generally used, but occasionally those who have any fanm-j, 
juanure to spare do give it to each plant at the time ot plantj]), 
.some people put water mixed with fresh cattle dung in the hit 
before planting ; another dose of farmyard manure is agnin give 
by some if available at the time of earthing up. The crops aie n,, 
however, taken continuously in one and the same place for inn 
than one to three years according as they are nearer to, or funlii 
fi'om. the sea, as it is .supposed that the soil becomes salt sick aft 
that period. 

Irrigation. Irrigation is begun and continued as requiiti 
I'or the first week after transplanting, hand watering is done fwity 
a day, after which it is done once a day for about a wcekiiue, 
and on alternate days for another week. It is considei'ed iiccessan 
by practical men that tire water given to the newly traiisplaiiteii 
.seedlings must be sweet until they take root and establish : oidinarilv 
the water in the sections of the creeks where the cultivation i; 
practised, is .sweet at the time of transplanting in the middlr of 
( fetober, but if for any reasons it should happen otherwise, swffi 
water from some other .source has to be provided. 

If the soil is fairly reteiiti\'e. no water is given until tlie fliiM; 
liegin to appear by the end of Xiovenrber as on the 1 a.shisfi river 
(Chiplun. District Ratnagiri) creek. After this some kind of watei 
lift is set up and irrigation given every four to six days or more up 
the middle of February, and thereafter for a mouth more at an 
interval of about a fortnight. In some cases it i.s also found that 
plants are watered 011 four consecutive days from the lOtli to tlie 
14th of each lunar half, the reasons being that more laboiii' is leqnirei 
from the 4th to 9th for lifting the water, which rises but wrf 
moderately on these days, aiul on the loth, 1 st, and dndtlie"’'’ 
more salinity in the water. 
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After this, the creek water getting too saline, watering is stopped 
id the plants are allowed to grow on residual soil moisture, on 
hitii thf}- thrive and continue to bear till the end of the hot weather ; 
^es have also been noticed where brinjal plants, after thus surviving 
rough the hot weather, take on fresh vagour on the commencement 
the inoiisooii, and continue to bear until they are killed bv the 
lods- 

The extent of the salinity which the creek waters acquire 
difierent tinres of the season and at points where crops are grown 
11 1)6 seen from the statement given above. 

Ill the latter part of the season a distinct incrustation of salt 
visible on the surface of the land. 

The time of irrigation is generally chosen at the high tide, when 
6 level of the water in the creek naturally rises and the lift and 
e lead are thereby reduced. \o difference, however, is recognized 
tween the high tide and the low tide water, as regarfls its suitabi- 
V or otherwise for crop growing. 

The ivater lift most commonly used is Okti. the counterpoise 
utket lift worked by hand, though on one creek in the Ratnagiri 
listrift Persian wheel is also msed ; where the area to be cultivated 
I small, watering by glmas (earthen vessels) i,s ro.sorted to. 

Farther care and outtunui, etc. The only other care that tlie 
tup requires besides the above is earthing up. fencing, waterino; 
ml harvesting. The first and the heaviest picking of fruits is 
'btaiiieil ill the months of January, February and ilarch, yielding 
joderate pickings ; from .\pril onward.s only small pickings are 
teined, the fruit borne diminishing in size and contracting in the 
■ase of brinjals an acrid taste. The outturns are by no means less 
ban those obtained under ordinary methods of cultivation witli 

'"eet watei , the quality is akso .said to be as good a.s that from the 
'"■eet water. 


Oo.VCLUSIONS. 

mostly sweet during the monsoon, are tulerabh' 
^ O'wl of December, and after that time this saliuitv inL'rea.se.s 
®^tent which would have so long been considered as unfit 
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for the ordinary agricultural plants, but which it is found , an 
be used for growing very successful crops of brinjal ami ilijij 
till the end of February. After this they get too saline t:. he 
without liariuiiig the plants watered. 

2. According to the information which has been imule arjii 
able so far, it is only in the la.st eight to ten miles below the point ,,, 
which the high tide reaches that such crops can be grown, 

,3. There are yet many situations in the Ratnagiri and Kolaij 
districts where the practice is already known, and in the Tluma imj 
Kanara districts where the practice is altogether unknown, in 
the cultivation can be e.xtended and introduced with great atlvant. 
age. 'Phe crop of chillies, which can he turned into a diiraljlf 
product, and which is an article of every-day diet of the Imliiiiii, 
presents a bettor scope than brinjal. which Ls of a perishable iifitiire, 
Ferhaps other parts of fndia and those of the world whore coiiditioit 
m IV be suitable may benefit by the information reconlml in tli< 
paper. 

4. It might be ascertained by analysis and actual trials ii 
creek water in the lower sections cannot similarly be used for gicwiiis 
any crops. ISimilarly. .several other agricultural plants, especialh 
those which are known to be salt-resisting to some extent, miglitlif 
experimented with, with a view to find if any new or more profitablf 
crops cannot ite added to the present list. This would he maile a 
subject of future study. 



, pkkliminary note on some new factors 
affecting the hardness of t;rp 

OR CRUDE SUGAR. 


RV 

T. 8. 8 WADI, 

Si(itrrii,leiithi,l. fiukuk ('uml f'rdin 


It is ii matter of common knowledge tliat liardnes.s in 
Vi.i.le sugar) in an essential factor in tlie smcessl'nl storacre of it 
Jiroiigh'the monsoon. 

It is often pointed out that the factors affecting thi.s hardness 
T keeping quality arise mainly in the f/wvl (boiling) house and 
hevare attributed to one or the other of the following 

(1) Ripene.s.s of the cane. 

(2) Hilling, clarification of the juice and it.s boiling. 

(3) Cleanliness in the boiling house. 

G) Lodging of the canes. 

But from observations made in the Gokak-Hukeri tract of the 
Ihstnct. 1 have come to the conclusion that these are 
'It fil the lactors, but there are .some more which are enuallv, 

' "ft Htore. important. 

In the tract referred to above, there has been a longstandino 
r among cultivators that the hardness or keeping quality of //ar 
I "" <‘onditions of soil and water, over and above the 
lUs in the boding house. This idea seems to lie eqiiallv 
the merehants who store the product. Bv 

lor thi?r 

” quality in the i/iir as well a.s of sueh localities which 

( 131 ) 
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do not produce the right kind though the details ot cuitivati,j,| 
manuring and manufacture are practically the same. 

With a view to rectify the defect and to meet demands 
cultivators, expert gur boilers were sent, from time to time, to the 
places, but the measure of success attained was small, 

1 had, therefore, to investigate into the subject on a systematic 
basis. The lines on which I proceeded and the details I collected 
can best be seen from the statement attached (Appendix 1). 

In making the tests, I have, as far as possible, avoided the lodtred 
plots and tried to obtain uniformity in the other factors hitherto 
supposed to affect the glucose ratio and hardness, such as ripenese 
manuring, boiling, etc. But it is interesting to note from the state- 
ment that, wherever there has been a variation in the soil nr water 
the hardness has been affected. 

In fact, grey soil and brackish water tend to make tire 
gut soft and fluid. In one imstance, viz., test No. 1 in the .state- 
ment, brackish water from a well was used for irrigatin® 
the sugarcane crop and the gur turned out was soft and sweat®. 
But during the year of my enquiry, sweet water wa.s a\iiil- 
able during nine months and the resulting gur was of better 
quality, 

■Vll these data, 1 think, should prove that soil and water hnvealMi 
an important hearing on the Imrd formation and keeping qiialiiv 
of the gur. 

lhat salts enter into the composition of gur in varnn® 
proportions, there i.s clear evidence to prove from the chcniical 
analysis. I he .salinity is distinctly marked even to the taste 
some gur tasting very sweet, others saline. It is the salt in tire 
brackish water and grey .soils that must be responsible for the 
mischief. \\ hether it is the intrinsic hygroscopicitv of the salt 
that affects the hardness or whether any change is brought about 
in the glucose ratio of the gur has yet to be studied. 

To corroborate my observations in the field, I luid s-mtpl'’' 
of gur, soil and water sent for analysis to the Agricultural Cheinist 
Poona ; his letter and the results of analysis are quoted 
(Appendiee.s II, V and VI). 
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fi.e Acting Agricultural Chemist remarlcs. no doubt, a larger 
. li .samples are required to come to a final decision. Rowevei' 
re.sult ^ of analyses of the few samples sent indicate that waters 
j,.j4fnr irrigation contained varying proportions of alkalinity whicli 
paralleled in a more or less similar ratio by the composition of 
tlip resulting gurs as well as their hardness. 

,\ortin. if we look into the glucose ratios of the bad, .sticky samples 
uwlvsed. they are not bad enough to make an ordinary t/ur very 
Bat. as these samples arc very soft and sticky, the argument 
joes to support my observations. 

Ill conclusion, I must admit that there are shortcomings in nw 
japer and I am aware of them. For instance, the Brix readings 
•erorderl (Appendix I) cannot be wholly reliable unless the purity 
if the juice is ascertained. But the.se and similar defects I could 
lot help for want of a laboratory on the farm. 

It is my intention, however, to tackle the subject more .sonndlv 
icxt rear and to present a complete paper. 
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Stalmienl shtivhi/ the delaih of information eoUected in 

h! 


Name of 
villag'e 


Kim) of soil 


lHRlr; vn.v,, 

snfiARCANRCROP 1 THESUOAKCANBcko,, 


‘‘Saline 



.] 

3 

4 

0 6 


8 

l 

m 

Amman?! 

Light red coloured 

1 1 

Parro-, Sheep! .. 



yard 1 fob)- 
man- ing. 










irre. 



0 

OK 


Grev coloured 

,, 


Very sweet 

H 

262 


Ucddi-'^h brown 



\ 

5 

5 

16 

Masargiippi .. 




'■ 

9 

Mannolii 

Black grey 



Sweet 

7 


Liffht grey 



8 

<77 


Black 



Very sweet 

9 






lU 

.889 

Nei'li 





II 

179 

.1 



... 

,, 

12 

19 


Light black 


.. 


i:3 

14 

14 




Oil- 

cake 

and 

Am. 

sul- 

phate 

Sweet 

14 

17 

283 

H 

Black grey 

.. 

’’ 

16 

Mannolii 

Black 




17 

•288 

11 

Meilinr.i black 




18 

108 

Ammatigi 

Black 



Very sweet 

19 

l!(l 





Sweet 

2U 

00 

Nerli 


.. 


Very sweet 

21 

99 

Hebal 

Sandy 





182 

Serli 

Black 




2.S 

183 

Ammangi 





24 

119 

Gotar 

Light black or 



Sweet 




grey black 




2") 

113 


Black 



Very sweet 

26 

lOJ 

Hebal 

Black grey 



27 

.3 

Kochri 

Brown black 




28 

25 

Gawnal 

Black 



Sweet 

29 

38 


Grey black 


,, 

,, 

30 

144 

Gotnr 





31 

42 

Kochri 





32 

46 

,, 

Alluvial 



" 

33 

.39 


Black 

.. 


Very sweet 

34 

32 

Gawnal 





35 

45 

" 

" 

" ! " 


" 


nj'ackisli 


^’ei y bracki.sb 


Brackish 


Brackish 


V.SI 
ilii-3-l 
'll 3-1 

■ 

Ij-3-1 
' li'ii 
'9.li 

,,30.3.1 


4 M' 
v.[i: 

I5.;i.i; 

•im: 
i} :Mi 

](|.3-n 
if ;3-ii 
S-3-!3 
.^•2-1" 


«-3-n 

:'^n 

ui-i-lf 

. 15.241 


factors AFFECTINf; ITARTl^'ESS OF .,!//.■ 


Ci.l 




affexting the kee-ping qmliiy of (iiir in pnrlx of the Huh- 



Colour of 
(fur 


Reputation for the hanlness 
or keeping quality of ‘/ur 
in the lorality 



ly loflged 

Vi 

1-20^ 

Oarti- 



grade 


16-11 

V22‘ 

anfiinp 

15- if 

16- 0 

lisr 

1-22 

” 

17*5 

120^ 

tly loilped 
tan'hns 
tlylo^iged 
fending 

iCvS 

17'0 

J6'.5 

17 '5 

V20' 

121 

V20' 

12fi' 

ittyiodi-ed 

tardini: 

l.VIl 

lS-5 

120" 

120= 

itly lodged 

155 

12’^" 

itaeding 

17*5 

120" 


Black 

1 U.-iually the (fur from this 6cM i.s 

1 soft but only this year on 
; Hccouiit of the crop receiving 
! .«weet water from a stream frr 
' 9 months, the ^aris fairly good. 

Red yellow 

Soft and sweating. 

i Goed. 

Green red 

' M 

Red yellow 

i 

1 Good but sweating in the rains. 

Greenish 

Brown 

Very good. 

Red yellow 

Reddish 

Fairly good. 

Red yellow 

Very good. 

Black 

Soft and sweating. 

Red brown 

Fair but sweating in the mon- 
soons. 


16 0 

16- 6 W 

1.V5 

iCrS V2-F 

17- 5 > 

175 leO' 

; 16'0 loi'- 


RIack soft 
Creenish black 
Kcd brown 
Green black 
(ireen re<l 
Green yellow 
Brown black 


tjrdini; 

1;V5 

119® 




lS-t‘ 

119== 


^ 1 

itly lodged 

17'5 1 

119 


S 

155 ! 

12r 


5 ■ 

itanhiij: 

1.5-5 

119® 



'1 

15-5 

121® 



'if! 4 few places : 

lT-5 

1.5-5 

119® 
Not re- 

■< 


^anditij; ' 

15-0 

1 corded 

,, 



15-0 



! 


17-5 

1 



K'ed ■ 

IS-', 

14-0 


- 

' 


16'5 






10-5 





Green yellow 
Yellowiah <;reen 

Brown black 

Reddish preen 
Brown black 
Reddish yellow 
V'ellow red 

Red brown 

Yellow 
Red brown 
Green yellow 


Gi’een red 
Red brown 


Soft and sweating. 

Fairly pood in the fair season. 
Fairly good. 

Soft and sweating. 

Good. 

Very good and heavy. 

Fairly good but sweating in the 
monsoon-. 

Very good and heavy. 

I Fairly good but sweating in the 
[ rain^. 

Fairly good and heavy. 

Bad. 

Very pood and heavy. 

Very good. 

Good but sweating in the mon- 
soons. 

Fail ly good. 

Very good and heavy, 
i Very good for keeping but not 
i hefkvy. 

i Very good. 

Fair. 
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APPENDIX II. 

.iti'di/sis of loalor samples used fur irripaiioii in the case -»/' 
sboirn in Appendix III. 


Total salts ... 

Containing 

Calciiirn carbonate 
Magnesium carbonate 
Magnesium sulphate 
Magnesium chloride 
Sodium bicarbonate 
Sodium sulphate 
Sodium chloride 


iV. H. -The -Serial Nos. corrt 


Water 

No. 

1 

Water 

No. 

. o 

Water 

No. 

• n 

Sot 
i irid,j 

■10000 

101 00 

92 (id 

These t 

1400 

18 '00 

26 (Id 

lost 

"av, 

0-08 

19-74 

•2-4S 



717 

' 12’:i0 



6';17 

2(1-31 


5^S•2 




244 

4;i'o6 

“■47 



to those in Appendix HI. 


APPENDIX III. 

Annlysis nf samples of different kinds of (tui's. 



D'tfr No. 1 

t/Mr No. 2 

^■«r No. 3 1 

fiiir No. 1 

O’lo'So,-' 


Solid 

Soft and 

Sticky semi 

Solid and 

Sali4 an'l 


lighter 

sticky dark 

solid daik 

hard 

hard 


yellow 

black 

to red 

darker 

darker 



... 

It' t 

„ 

,, 

Moisture 

4'8S 1 

6-.58 

7-86 



•Ash 

1-OS 1 

1 46 

1-54 

1.'4 

l'5-S 

Glucose 

7-5S 1 

9-(i0 

, 7-36 

I’ll 


Sucrose 

77-9(1 1 

79-04 1 

1 75- IS 

ST'llS 


Glucose ratio 

• n-ee 1 

12-11 

9-78 

:rU 


Alkalinity calculated as 






Sodium carbonate 

O'Oin 

(l-OTi 1 

0-00.7 

nil 

0-filO 

0-1S3 

O-ll-l 

Carbonate as CO 

0147 

0-171 ! 

O-llO 

()-]()0 

Chlorine 

0-0S4 

C-252 

()-224 

0-112 

Equivalent to sodium chloride 

0-138 

0-416 i 

0-.369 

0-18^ 



* Containing in the water solution. 

JV^-fl*~Theie Nos. correspond to those in Appendices II. IV i ^ ■ 
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•laimeii'f gmng-the details of information about the Gm samples 
analysed in Appendix III. 



Nature of soil 
on which it is 
produced 

Nature of water* 
used for 
irrigation 

/ I^pcal reputation about 

the keeping quality 

jrNo. 

L .Vo. 2* - i 

tso.r 

1, Vo.4* ... j 

,1 b'O. j* j 

Medium black 
Grey 

Brown red 

Light grey 

Sweet 
brackish 
Slightly brackish 
Very sweet 

Hard and keeping well, 
bad and sweating. 

•Not good. 

"xoiiio^r 

Fairly hard and keeping. 

•There was practically no diSerenre either in the condition or cultivation of the cron or 
Mafacturo of }ur or manuring. " ''“P "t 


XS.-The Serial Nos. corro-spond to those given in Appondii HI. 


APPENDIX V. 


.inalysis of soil samples relating to the Gurs shown in 
Appendix III. 



*1 soluble salts . 


:iurn carbonate 
''™ sulphate 
™suim carbonate 

f-'j™ sulphate 
Hl"m cl,lori,te 
“"bicarbonate 
""■snlphato 

•"Chloride 

“■“i" other forms 


i % % % ; % o. 


”» , o % % 


, 0'07 0-08 ; 0-C8 1 0-08 0118 ! (1-100 I O'lOO O'OSO o-07 ; 0-08 


0;025'0 010 O'OIO : O OSO i 0D50 I O'OIO i O OiO 0-0-20 0 020 0 030 

lo-oig: ■■■ ! 

oS| : s 

::: f"";o-bo9|oiio3|o-ii67:"~lo-oio 


heselNos. oorrespond to tho.io given in .Appendix III. 


0 
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APPENDIX VI. 

Cofy of D. 0. No. 643 of 17th October, l9ls. 

From the Agricultural Chemist to the Governinojit of 
Bombay, Pooua, to the Superintendent, Agricultural 
Station, Gokak. 

I have been able at last to send you the figure.s of analv-i. 
of the samples of yur, soils and waters which you sent to this ofo 
with your letter No. 871 of June 14, 1918. 

I hope the figures will be of use to you in drawing some defiBin 
conclusions as to the causes which affeiJ the keeping quality o! dn 
They must, however, be taken with due regard to such other faftou 
as the condition of tlie crop at the time of harvest, Biix readij! 
of the juice, effect of manures used and such others as indicatofij 
your D. 0. 812, dated June 12, 1918. 

If we compare the figures of glucose and sucrose in all the 
samples, wc find that Nos. 4 and 5 contain the largest amount 
sucrose and the least amount of glucose and these two are sol 
and hard samples. Ne.xt to the.se in percentage of .sucrose stau 
sample No. 2, but the percentage of gjucosc in it is very liioh ai 
the sample is soft and sticky. Sample No. 1 contains less simo; 
than No. 2 but at the same time the percentage of gliifo; 
is less and the sample is solid. Sample No. 3 contains iiearl 
the same percentage of glucose as No. 1 but the pcrceiitat 
of sucrose is very low and the yur is a senii-.solid stid' 
mass. 

If wp compare the soluble constituents in the ashes of tl 
different yurs we find that Nos. 2 and 3 which are sticky eoiitain tl) 
highest amount of alkalinity calculated as sodium carbonate. Tlie: 
two samples also contain the highest amount of chlorine. 

If we now compare the analysis of water, we find that Siimpl 
No. 1 is decidedly better than cither No. 2 or 3 both of which contai 
too much of magnesium salts and particularly chloride.’^. These t)v 
waters have been used in the case of the two sticky 
viz., Nos. 2 and 3. 
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soils, I do not think any comparison can be made to 
differences which are likely to affect the keeping quality of 
,jjgpi.eiit samples of g’Mr. 

[he eomparisons made above apply only to the 5 samples of 
, sent but whether they arc applicable in the majority of cases is 
iibtful. 



STUDIES IN THE CHEMISTRY OF SUGARCaX] 

BY 

B. V18WANATH, 

Assistant to the Government Agricultural Chemist, Oamhafon 
1. fNTROnUCTORY. 

This investigation was taken up, in the year 1914, at Dr, ff 
Harrison’s suggestion. 

At the Government Caue-breedmg Station, Coimbatore, tloai 
of sugarcane seedlings have to be tested every year within act 
parativcly short harvesting season, this requiring the concenta' 
attention of a number of men. If means could be devised tot 
the seedlings at a comparatively early age, say, when they areafci 
eight months old, the work of chemical examination and select 
could be spread over a greater portion of the year, thus avoid 
abnormally high pressure of work at the ripening season. IVitlit 
object in view, a series of preliminary experiments were institat 
The residts of these investigations have not yet reached the stage 
completion, but the subsidiary results so far obtained arc of 
interesting nature, and it was, therefore, thought de.sirable topiiH 
them. 

The value of a sugarcane seedling depends, from a coimiw 
point of view, mostly on its sugar content ; and to determine tl 
it is essential that its juice shordd be examined. The usual metho 
of analysis do not, when a cane is young, tell us what it woiiM 
after maturity. Moreover, these methods involve the destriicti' 
of the cane before the juice can be examined. It is well bo' 
that canes of the same age and belonging to the same clump 
within very wide limits. Such being the case, the re.snlts of anal}! 

( 440 ) 
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iig caiie cannot be compared with those of an old cane 
‘ clump. To know what a young canc will be at the 
Thuvcs*'’ requires a preliminary knowledge of the life-history 
‘ lie as told by itself. It thus becomes necessary to test a 
*^iixlically during the various stages of its growth, and this 
*1 -^^^tself into devising a method for extracting a small quantity 
' from the cane sufficient for purposes of examination without 
interfering with its growth. 


II. Preliminary. 


Method of extracting juice. 

A number of methods for extracting the juice from the sugar- 
,e\vei'e tried, and in the end the following method was found 
je ,;,ost suitable, The sharp open end of an ordinary hypodermic 
die (« in Fig. below) was plugged witli melted tin and a small 
e ivas bored in the side of the needle at b as in the figure. 


i 

j 

1 


.1 

I. 

1 

u 

/ J 

b 

f ■ 

. 


^ / 

1 

1 

1 ■ ’ ' ' 

j ; 

9 



- - ■ 

Ma 

' ’ 1 





1 Ibe needle when inserted in a slightly slanting position this 
be easily carried out with a little practice — into the interuode 
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of a sugarcane, ruptures the neighboring cells during its 
and the juice from these cells passes into the needle by tht- 4)^ 

By this means about two drops of juice can be obtained. 

Injury to the cane likely to occur on account nf 
puncturing. 

The needle while passing through the cane, besides ruptmu, 
the neighbouring cells, also introduces fermentative organisms, j, 
ascertain the extent of damage likely to occur on this accomt,;, 
number of canes were punctured with a sterile needle at three 
places in each internode, and the holes thus made were iinmediaidy 
closed with soft paraffin. Another set of canes were piinetmeil ij 
the same way ; only the needle was not sterilized and the holes no 
not closed with paraffin. At the end of one month all the taiieswai 
cut longitudinally and the state of affairs noted. It was fouij 
that the canes covered mth paraffin were practically miaSecteii 
except for a thin reddish streak in the region of the path of tk 
needle, while, in the case of those not covered with parafliii, tk 
streaks were broad, and in a few cases signs of fermentation nit 
also noticed. The canes were found to be otherwise norinul it 
every case. It is thus clear that this method of extraction, vitl 
necessary precautions, by the modified form of hypodcriuio iieedlt 
gives juice without affecting the cane to any appreciable e.ifeiit 
Additional proof of this will be found later in the course of ilii 
paper. 

Method of examining the juice. 

The quantity of juice obtained as above permits of only ui» 
method of examination, and that is the determination of the iiide: 
of refraction of the sample of juice and the deduction thcretrot 
of the percentage of total solids calculated as sucrose. .Vu e.xtiactio. 
gives sufficient juice to give a clear field with the Abbe refractoiacte) 
the instrunrent used throughout this work. 

According to W. E. CVoss,! who gives a resunie of the vafue 
opinions on the use of the refractometer, the work of Hugh 

* Cross, W. E. LouisiaTUi Twh. BuiUlin No, / >’>• 
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bllinaii- and Smith and Stolle showed conclusively the absolute 
jlitibiliU' oi refractoTueter for deternuning the percentage 
[ sugar in solution. Much work has been done on the various 
of the use of refractometer, among which may be cited 
,'iecliinann's refractometric studies, ^ Pellet’s investigations, ^ and 
le experiments of Nowakowski and MuzyuskF who recommended 
je iise of the Abbe instrument for juices, syrups, and molasses, as 
viiig results which are better than those of the picnometric method, 
id which indeed approximate very closely to those of the drying 
,etliod. 

The scale of the Abbe instrument is graduated to three places 
dociinals, the fourth place being estimated by the eye. A maxi- 
,um error of O'OOOl in the refractive index corresponding to±0’l 
T cent, of the dry substance may be obtained. 

The method of extraction and examination of the juice was 
, follows : — 

The cane was punctured with the needle sterilized in an ordinary 
lirit lamp flame and cooled, and the small quantity of the juice 
lat passed into the needle was dropped on the lower half of the 
ism of the refractometer. The two halves of the prism were 
imediately closed and the scale reading and the temperature of 
jservation recorded. The needle was then thoroughly washed, 
)tli inside and outside, with distilled water and dried ready for 
le next puncture. The puncture made in the cane was immediately 
osed with a small quantity of soft purallin. The corrected percent- 
les of total solids on the basis of .sucrose were next calculated 
om the observed scale reading.s. ft was found that, with a 
ttle care and experience, successive extractions of juice from 
single internode of a cane gave juice of practically the same 
fractive index, ihat the concentration of the juice in any 

irt of the interuode is the same, will be seen in a subsequent 
age. 


^ Cross, W. E. Louiiiam Ttch. BnU^in. .Vo. /-jJ 
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The rejractive indices Hf and other salts fow^ in sagQf, 
cane ju&ei’. * 

- r' . -4 , 

The juice o£i<^e aii^fl^^oEiswts n^Stly of a luixtuit- , 
sucrose, glucose aiiij, small of salts and other sulistantg: 

It is important, therefore, tO^hs^ltaiii beforeh^d how these suL 
stances interfere with the.4te^i||iomekifi, :i^hdings. To oltau 
information on, these points, t|[e,Jf|^tive indices of solutiojis rj 
pure sucrose and glucose at, digest concentrations were deter- 
mined. Pure sucrose (99-9 per pe^-Jt-and pure dextrose (M e pet 
cent.) were taken, and solutions varying from 1-10 perceit, 

were examined in the refractometec^y 

TABLi! i. 

./f'- ■••Vv' 

iUmnng Uie rejractive indices of saor^ejin^lucose sohaions 
at various conceiiin 


O-..' . . 

, 

, - • . 




■ 

Straogth 

TemfNsrattire of 
ol^mtioQ 
"0. 

' 

V ' -rif" 

Sxrc^_ 1 


EiiiWI 

80ltiti<KI 

14 ' 

it; 


s?S|f • 


Solids ai 
it28=C 

0 

.0 

1 

28 

ft V 

D 

1-3337 . 

■ ■? 

I'lft- 

n 

V 

1-3335 


■ ■ 

28 

1-3350 - 

2-05 • 

1-3350 

2-05 

3 

28 

1-3366 

3-05 

1-3365 

3-05 

4 

28 

1-3380 

4^6 

1-3381 

4-10 

5 

28 

1-3396 

6-10 

1-3395 

5-05 

6^ 

28 

I -3410 

6-05 

l-3i08 

,rLKt 

7 

28 

1-3425 

7-05 

1-3424 

■•On 

8 

28 

1*3440 

8-05 

. 1-3440 

B'{lo 

9 

28 

1-3455 

9-05 

1-3456 

9-l(i 

10 

28 

• 1-3471 

i 

10-10 

1-3470 

lO-OS 


, 5 i ' '•'■Tli^e results are ip accordance with those of Stolle' and Tol 
$ Smity who showed that, at all concentrations, ginco: 

,#nnd lficro8e^,^golution have the same refractive index. Thf 
authors h^Onrther shown that Sucrose, fructose and glucose a 
have ^e same indices of. refraction p^solutions of concentiatioi 
— h — ^ 

Ztii, Vir. iiom Louisiana BuU. 

^Journ. Amsr, jS«-, 0^ 1906. 
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^Oper cent. Subsequently Prinsen Geerligsi, working witli 
■ Abbe instrument, first confirmed the observations of Tollman 
ij Smith® regarding the specific refraction of sugars, and then 
tained data on such salts as chlorides, sulphates, acetates, etc., 
jje commonly found in the sugarcane products. He showed 
jt calcium salts had a higher, and the potassium salts a lower, index 
refraction than sucrose, and proved by experiment that a mixture 
these salts, such as is usually found in sugar products, gave results 
rv uearly the same as those of pure sucrose. The amount of 
to be met with in cane juices is very small, and any slight 
ictuation in the total solids calculated as sugar is, therefore, 
gligible. 

III. Experimental. 

Having worked through the initial difficulties, the next step 
the cour.se of the investigation was how best to apply tlie above 
ethods to a growing sugarcane to determine its sucrose-yielding 
Sdeiicy. The object aimed at was to fix the status of a seedling 
: examining the juice of a single iuternode in that particular cane, 
le main difficulty was how to locate the iuternode which would 
rve as an index for the whole cane within the limits of experimental 
ror. 

Venkataraman and Krishnamurtf Row® made sectional analyses 
Higarcanes and have shown that the highest sucrose ' content 
diich they call sucrose index of the cane) is found in the young 
me in the lowest section, but as the cane advances in maturity, 
le region of the highest sucrose content gradually moves upwards, 
liey based their conclusions on analyses made of different canes 
elongiiig to the same clump, after dividing these into 5 or 6 parts 
'0111 the bottom, 'fheir results, therefore, refer to portions of cane 
lit not to particular internocles, and consequently cannot be of help 
1 detenniniug the particular iuternode or internodes which would 
We as an index to a cane. Besides, their results refer to sucrose 
s deternuiied by the polariscope, while the results in this paper 

^ Ci’oas, W. E. Louisiana Techn. Bull. So. '-»J. 

* Loc. cib. 

^9^c. Jour/i. Irtdia,B]^i. Indian Scienoe Congress Number, 1917. 
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refer to the total sugars. A number of sugareanes, kindlv 
by the Government Cane-breeding Station, were examinodjoijjfi, 
joint from bottom to top, noting the places of highest dcaii 
lowest living leaf, and other botanical peculiarities, witi: a viej-, 
ascertaining how the total sugars are distributed in the tane, l[ 
results of 14 canes thus examined are tabulated in Table lljp.jji 
and plotted in Chart I. The canes examined consisted of h,, 
exotic and indigenous varieties. 

One striking point of difference between the indigenous ai>i* 
exotic canes is that the fall in the percentage of total solids isv® 
steep or sudden in the case of the exotic canes, while it is mr® 
gradual in the case of the indigenous ones, thus showing a outbi 
difference between tlie two varieties. 

It will be seen that in many cases the joint at or very iiear th 
highest dead leaf contained the maximum amount of sugars, aiiilf 
in the case of some it was removed as far below as 5 or 6 joints toivani 
the base, fa no case was it above tlie highest dead leaf joint Iron 
the bottom. The botanical notes show that the canes were iilini)- 
ripe at the time of sampling. 

W. C. Stubi>s^ savs. ’ e.icli joint has its leaf and tiuoiightli 
latter tire food of the former is assimilated, and it is believed nk 
the joint casts its leaf, tlie pi’occ.ss of aissimilation : .so far as tktjuiii 
is concerned, is completed— it is mature.” If this 1)0 the aoc 
one would expect a fiat curve, uniform sugar content from tli 
bottom of the cane up to the higliest dead leaf joint, or it an} ileteni 
ration is taking place in the lower joints an iin lined curve with it 
maximum about the liighest dead leaf joint and exhibiting a gialM' 
fall above the dead leaf joint. T'lie curves in Chart Ido not seen 
to endorse this view. The maximum sugar content is not at the 
highest dead leaf joint in all ca.scs, nor is it located at au\ deSmt 
distance from the liighest dead leaf joint e.xcept that it is ue'*' 
above thi.s point. 

It is po.ssible tliat the canes examined were of iliiiereiit 
of ripeness and consequently tlie internode contaiaiug tlie^u^^ 

^ Stubbs, Sugarcane, vol. 
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,gar coiifent is removed more or less from the highest dead leaf. 

) test this point a number of seedling canes of about nine 
oiiths o;.!, both exotic and indigenous, were examined, from the 
teniodu just above the ground level to that carrying the highest 
,.^^1 leaf, at intervals of one month. The results obtLied 
■e tabulated ill Table 111 (p. 467) and graphically dc.scribed in 
liart If. 

It will be seen that when the cane is young the point of maximum 
igitr content is in the basal sections, but as the cane matures, this 
.jidually moves up the cane towards the highest dead leaf joint, 
liese results are in complete accord with those of \'enkataraman 
111 Krislmamurti Row^ whose work started simultaneously with 
le author's but was quite iudependciit and was carried out b^■ 
lethods of experiment entirely different from those cmploycrl b'v 
le author. The results suggest that in a young cane tJie sugar 
mtent of the internode nearer to the ground gives rough! v an idea 
f the capacity of the seedling. 

With this information, a number of B. 208 seedlings were 
saiiiiiied ill 1916 when they were about nine months old, and the 
isiilts were compared with those obtained by crushing tire same 
aiies after maturity, as well as with the bulk liarve.st results of tire 
line dump. A similar set of experiments were made in the year 
917 In both cases the results obtained are not entirely satis- 
wtoiy ; nevertheless, they arg encouraging in that nearly 
0 pel cent, of the results corresponded with the preliminary tests 
liougli the rest failed to keep up to the original indications. The 
ause of tins diSerence is being investigated, and this portion of the 
wrk will be canied on as opportunitv occurs. 


Hubsidiury result-g. 

All cxaiumatioii of the curves iu Chart 11 shows tliat 
b Alien the cane is ijoutuj, the joint with the highest dead 
« raiitaius the lowe.st amount of sugar of all the dead leaf joints, 
sugar content gradually' increases, however, as the cane 


* Loc. cit. 
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matures, thus indicating that further storage of sugar tikes pkij 
after the leaf is dead. 

2 . As the cane grows there is a general levelling eljout 4 
middle of the curves indicating either the possibility of tlie siitj, 
moving upwards from internode to internode or its being nsjij 
in the lower joints in the building up of cane tissue. 

3. A large increase in the amount of total sugars 
in the internode even after the leaf is dead and cast. 

There are thus strong indications in favour of formation of jmrjj 
in the internode after its leaf is cast, and it was thought desitatk 
to obtain further proof in support of this view. Barues^ lias shorn 
that when cut, after- ripeness actually occurs in sugarcane under 
proper conditions. His results, though not conclusive, were based 
on experiments made with different canes, and this fact nuiiiinisi 
the importance of the conclusions drawn. An attempt was, there- 
fore, made to experiment with one and the same internode of e 
sugarcane by cutting this into two halves and watching if any increase 
in sugar.s occurred in one of the halves when kept for some time, 
As a preliminary to this, e.xperiments were made to ascertain if tlie 
concentration of the juice is the same throughout aii internode, 

Two samples were taken from an internode by means of a tent 
borer and the sugars from these were extracted by means of 8(1 
per cent, alcohol and examined. 

Table IV. 


Showiutj the sugar content of two portions of an inkrmlt 


No. of 
esperiment 

Sucrose 

Bottom 

Glucose 

Sucrose 

Toi' 

! Glucoic 

1 

1*34 

Trace 

1-34 

'rrace 

'2 

1'38 


1-38 



1-26 


1-25 


4 

1*89 

i 

1 »» 

1-88 

!> 


^ Baraev, J. H. Agric,Journ. India, April, 1917. 
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Uiivii'n Ascertained that the concentration of the juice of an 
iternode is uniform, the following series of experiments were made. 

canes after being brought to the laboratory were stripped 
their leaves, and two internode lengths about the dead leaf joint 
fje cut off with a sterile knife. The cut portions were next cut 
to tAvo lialves longitudinally, so that each half had one bud and 
)nt 7.0110 intact. One of the two longitudinal halves was incubated 
^ cool place for about 48 hours. 'The other half was quickly 
topped into boiling alcohol (containing I part ammonia in 100 
jvts of alcohol) so as to bring to a sudden stop all vital activity 
, the caiie. dlhis was next removed from the alcohol, dried and 
■duced to a powder. The sugars were afterwards extracted with 
Icohol (80 per cent.), the solvent distilled off, and the residual .sugars 
sainiiied according to the methods of Davis^, and of Davis, Daish 
iidJolin.2 At the end of 48 hours the other halves were also 
jbmitted to the same treatment and analysed (Table V). 


Table V. 

Shovring the effect of storage on portions of internodes of sugar- 
canes preserved for 48 hours in a cool place. 


me of cano 


: SOLIDS ON DRY 
Total matter 


i Sports of 
ipeu Mann. 
8 

Ditto 

ed Manritiua 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

"i^iBcotban 

Ditto 

Ditto ^ ’ 
Ditto 


04*15 
58*70 
49*80 
60*20 
38*10 
52*40 
60*30 
57 50 
62*40 
50*30 
56*90 


Initial Final 


61*40 

69*71 

02*80 

54*90 

63*10 

46*40 

63*80 

65*80 

65*40 

62*80 

50*03 

54*30 


- 510 
+ 5*56 
-{- 4 U) 
+ . 5*10 
+ 2*00 
+ 8 30 
+ 1*40 
+ 5*50 
+ 7*60 

- 9*60 
' - 0*27 
! - 2-60 


SCCBOSE ON DRY 
MATTER 


Initial Final 


49*57 
49*69 
40*60 
38*70 
48*10 
28*70 
45*80 
48*60 
48*40 
51*50 
36*10 
30*62 ' 


43*30 
57*82 
45 71 
46*00 
50*00 
33*40 
46*50 
54*40 
56*30 
41*70 
35*13 
35*90 


6*27 
S13 
5*11 
7*30 
1*00 
, :4*70 
1- 0*70 
f’5*80 
f'7*90 
-;9*80 
-1 0*97 


Glucose on dry 

MATTER 


Initial i Final 


11*43 
2*50 
8*29 
11*25 
7*26 
12*16 
6*29 
' 4*51 
Traces 
1 ) 0 . 
3*31 
6*00 


10*90 
2*55 
9*17 
10*50 
7*30 
12*(M1 
8*00 
4*40 
Traces 
Do. 
4*75 
II *00 


- 0*53 

- 0*01 
-h 0*SS 

- 0*75 
- 1 - 0*04 

- O IG 
+ 1*71 

- 0*11 


^ 1*44 
+ 5*00 


‘ Ijavis. J&urn. A^ic. Science, 1016. 
avi3, Daish and John. Joitrn. Atjric. Science, 1913, 1914 and 1915. 
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Out of the twelve experiments made, there was a distinc t inctej^ 
of sugars and total solids in eight, while the other four s.'-periinjij;^ 
showed loss of sugars and total solids. These results aie 
course, conclusive, but they certainly indicate extra foiinatiim „ 
sugars. It is possible that the loss of sugar and total solids on bu 
occasion.s may have been due to bacterial fermentation, tlioug]) 
efiort was made to ensure sterility. Since submitting this paper totli 
Chairman of the Agricultural Section of the Indian Science Congyg^; 
the Annual Eeport of the Agricultural Research Institute, Pnsj 
was publislied, wherein Dr. Harrison records an increase of bot 
total solids and sugar in two varietie.s of canes under wiiulrow 
conditions. 


Discussion of the results. 

Before proceeding to discuss tlie results it is ircll to 
see how far the methods of experiment employed affected th 
canes examined. The shape of the curves cannot be attribiiteil 
to any changes resulting from piuicturing the canes, because if that 
were tlie case the lower portions of the curves could not have lieeii 
steady as they are seen to be in almost all the cases. 

The probable error due to the refractometer has been dealt 
with when dealing with that instrument. The error due to th 
methods of extracting tlie juice from the cane cannot be e.iiieth 
estimated, but tlie extractions were all made under conditions a: 
uniform a.s possible, and any error is believed to be constiuit « 
nearly so. As for temperature the necessary corrections weie 
applied to all the readings. The total solids calculated from the 
refractive indices were all taken to represent sugar, iis the ainoiiiit 
of sub.stance,s other than sufro.se and reducing sugars is so small 
that they may be neglected. Besides, it has already iteen Ao'm 
that sucrose, glucose and other salts usually found in sugiii'Ciineim« 
have the same refractive index. 

It is not claimed that the results so far obtained are m ai" 
way complete, but there can be no doubt as to the general lmlicatioiO| 
particuhirly in view of the fact that they are in general agreemf” 
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til thoio of Venkataraman and Krishnanmrti Rowi wlio (lre\y 
pit tow kisioiis from entirely different methofls. 

^ oousideration of the foregoing results brings us at once, tn 
p question, “ kow does the cane make its sugar.” A large volume 
literature exists on the formation of sugar in the beet, but the 
,nmmt of work done on the formation of sugar in the sugarcane, 
mkiiig from literature at the author’s disposal, is meagre and 

oijtroversial. 

Aiiine Girard® in 1884, from comparative investigations of 
he iunounts of cane sugar and grape sugar present in different 
aits of the sugarcane in the afternoon and before sunrise, concluded 
hilt the formation of sucrose from glucose takes place entirely in 
he leaves under the influence of suidight and that the sucrose 
hereupon ascends the cane through the petioles, etc., and collects 
here. 

Winter® (1888) from an examination of the sugars of a normal 
ipe sugarcane says that the assumption that suoro.se is formed 
rom glucose and lovulose can no longer be allowed. 

Beesoid(1895) regards glucose as the first assimilation product. 

Prinseii Geerligs® (1896) concludes from data furnished by 
stimations of the optical and reducing powers before and after 
lYprsion, that the ratio between sucrose, dextrose and levu- 
)se in the loaves from the unripe sugarcane is 1 : 2 : 4. Tn tlie 
pper portion of unripe canes of six months’ growth tlie ratio was 
:1:1, three months later it became 3 ; 2:1, whilst in the lower joints 
f canes nine months old the ratio found was 82'o : 3 : 1. He thus 
aainiains that sucrose is built up from I’cducing sugars. 

(1898) made a thorough study of this question and con- 
luded from a microchemical examination of the sugarcane that 


* Loc. cit. 

■ Ainno Girard. Cornel. Rmd., XCVII, ];105; abstract Journ. Soc, Chem, Indu-iiry, 1884. 
'Winter, Zdl. f. Zuekerind, 1S80,'780; abstract J. X. C. /.. ISSS, p. 701. 

Beeion. Bull. Assoc. Chem., 1895, XIII, ;i02; abstract J. S. C. 1S95. 

•Pnasen Geciligs. Chem. Zeii., 1891), XX, 721 ; abstract ./. X. C. I., 1896. 

Went, p A. F, c. Bull. cU VAs^. des Chtmi. de Suer, ft de Ih'-il., 1S9S. 15(12), pp. 
' *-26, abstract J. S. G. I. and Cane Sugar by Noel Deerr. 
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glucose, sucrose, starch and tannin are found in the pauji.j 
niatous cells and not in the vascular bundles while the coaifj. 
is the case with the albuminoids. According to this investigjj. 
the following phases are distinguished in the life-historv oi e 
stalk : 

(1) In very young parts of the stalk, only starch and alijmjj, 
are present, which are consumed little by little in the forniation, 
cellulose. 

(2) In young, rapidly growing parts of the stalk, the cai 
sugar brought down by the leaf is inverted, and whereas in [)., 
leaf the proportions of sucrose, dextrose and leviilosc wetej, 

4 : 2 : 1, in the young joints the proportions are 0'8 : ] : i, j 
part of the invert sugar is used up in the formation of fibre, , 
part unites with the amides to form albumen, and a part i, 
deposited as starch. In consequence of the inversion, th 
osmotic pressure is raised and this tends to favour the absoiptiori 
of plant food. 

(3) In older joints the sucrose formed in the leaf remain; 
unchanged when it reac.hes the joint and the reducing sugars an 
used up, pa.rtly in respiration, or perhaps partly converted bv i 
synthetic enzyme action into sucrose ; of the reducing sugars tlia! 
remain, the dextrose is generally in cxce.ss. 

(4) When the stalks are developed, the accumulated iiiveii 
sugar is converted into sucrose ; of the invert sugar remainiaj 
the dextrose is generally in excess. 

(5) When the stalks are ripe the leaves die and the accumulutioi; 
of sugar gradually ceases ; the remainder of the invert sugar i; 
changed to sucrose, eventually only traces of invert siigai 
remaining. 

(6) When the stalks are overripe the sucrose is reconverted , 
into invert sugar, but this change does not prevent the youngei | 
parts of the cane accumulating sugar. It will be noticed that 
Went’s figures for the ratio between sucrose and reducing 
sugars in the leaf are entirely different from those formed b) 
Geerligs. 
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pellt:'i ( 1914 ) maintains that the results obtained by him 

f ,i„t to < rinversion of the reducing sugars into sucrose after reaching 
g gjne stalk. Colin® (1914) takes a similar view. 

Other investigators on beet-root and foliage leaves are divided, 
^ in the case of the sugarcane investigators, some holding sucrose 
|iid some glucose as the product directly formed in and translocated 
jv the leaf. 

The most recent investigators in this field are Davis anti Colin, 
liivis* (1915-1916) after a very careful examination of the carbo- 
ivdrates of, the leaves of the mangold concludes that the sugar 
i translocated by the leaf as hexoses which arc, subsequently 
raiisformed into sucrose. 

Colin^ (1916-1917) has stated that sucrose contained in the 
leet-root is reproduced by a small number of cells from the reducing 
ugars and that normally iuvertase is not present in the root. The 
aine investigator in a later communication^ criticises the two 
Jieories advanced, in the light. of the latest researches, and concludes 
Hiat sufficient evidence has not yet been obtained to establish the 
proposition that sucrose (laimot pass unchanged from the leaf to 
the root, Moreover, he admits that there e.xists considerable 
evidence pointing to the polymerisation of reducing sugars into 
sucrose in the beet-root. 

The bulk of evidence seems to favour the view that sucrose 
in the sucrose-storing plants is built up either in the. root or in the 
stem from the reducing sugars sent into it by the leaf. Analyses of 
top and bottom halves of sugarcane made in this laboratory 
(Table VI) show that the top lialves contain more glucose than the 
bottom halves and this is apparently in general accord with the 
views just quoted above. 


Pellet. Private communication to Mr. \V. A. Davis quoted in Jourm. Agric. Science, vol. VII, 
1915 - 1916 , * 

A.jric, Science, vol. VII, 1915-1916. 

I^avig. Loc. cit. 

XXVIII, 283-09, 321-8, 368-80 (1016), XXIX, 21-32. 56-64, 
■ i 113-27 ( 1917 )^ from Chem. Abstracls, vcl. XIT, 1918. 

IlSlSi Stier. Dist, 35 (171-178), 1917, from Chemicul Ab.iiract-*, vol. XIU 
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Table VI. 

Showing anahfses of top and bottom halves of swnrca^'^ 



Bottom salt 


Toe iiiL, 

Name of oane 



Ratio 




Surcose 

Glucose 

gluccse 

iSuorose 

Glucosft 




sucrose 



B. 147 . . 

% 

14*11 

<V 

/o 

1*31 

0*09 

/o 

13*35 

0' 

/o 

1*01 

FijiB. 

18-02 

0*70 

0*04 

14*66 

1*43 

B. 1529 .. 

18*68 

0*27 

0*01 

17*92 

0-40 

1*35 

B. J412 . . 

14*82 

1*25 

0*08 

12-91 

J. 247 

14*04 

1*04 

0*07 

13*18 

1-39 

B.6450 .. 

16*37 

0*40 

0*02 

15*09 

1-04 

Tana Blanche 

15*55 

0*78 

0*05 

13*56 

0-88 

Ashy Mauiitius 

19*04 

0*21 

0*01 

17-44 

0-39 

Red Mauritius sports . . 

14*69 

1*67 

0*11 

14-05 

1-78 

B. 203 . . 

18*95 

0*42 

0*02 

18-19 

0-60 

Fiji C. 

15*69 

0*63 

0*04 

13-95 

0-83 


Hitt 




O'l] 

H 

O’K 

O'll 

w. 

n 

W! 


From a study of the previous literature we learn that all ii 
agreed that sugar in one form or other is sent to the cane bv the lea 
and nothing is said of the fate of the sugar when once it ente: 
the stalk. It is only an assumption, without direct experimeot 
evidence, that sucrose is the result of polymerisation of the redacii 
sugars. It has been shown that sucrose and reducing sugars hai 
the same refractive index, and if nothing more than conversioB ( 
reducing sugars into sucrose takes place after the leaf is cast, tki 
is no need for any increase in the total solids as shown by the refri( 
tometer. The results of experiments detailed in this paper distinttl 
show that there is an increase in total solids with production ofsugi 
in large quantities in an internode after the death of the leaf attach 
to it. How is this extra sugar formed ? 

The explanation that readily suggests itself from a study of ti 
curves in Chart II is that, as the cane grows, the internodes ai 
gradually filled up by the sugar sent in by the living leaves 8bo\i 
If this is so, the amount of work falling on the green leaves produce* 
during the later stages of the growth of the cane, is greater tk 
that carried out by the earlier leaves, and this appears to be b* 
much for the new ones. It cannot be argued that increased outpu 
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.possible on account of increase in leaf area. In sugarcane each 
iternode has only one leaf and old leaves die oS as new ones come 
p In India it takes about twelve months from the time of planting 
iracane crop to mature, and as the canes were examined when they 
ore about eight months old and thus at a sufficiently adult stage 
; the time df examination, there could not have been any con- 
derable difference between the total leaf area at the beginning and 
osing stages of the experiment. 

The green leaves have their own urgent work to do. They have 
, provide large quantities of sugar for the building up of their 
ternodes aiidproteids, besides sending down material to older joints 
r purposes of storage. This would appear to be an undue strain 
1 the existing green leaves, and it does not seem reasonable 
suppose that when the demands from the growing parts are urgent 
e leaves would make an attempt at supplying the lower joints 
rich could not be provided for by their own leaves with suvar. 

.kother possible explanation is that the sugars as soon as they 
e sent in by the leaf into the stem are converted into carbohydrates 
higher molecular weight of the types of hemicelluloses,’ starch 
id such others for purposes of building up cane tis,sue. These 
ter the death of the leaf are slowly reconverted into simple sugars, 
le formation of cellulose-like substance from sucrose in beet 
iee by a ferment resembling diastase was observed by E. Durin.i 
rowii and Morris^ as a result of their investigations on tropeolum 
aves hold the view that cane sugar is the precursor of cellulose, 
bis view is also supported by Cross and Bevan.^ Dr. Maxwell* 
1893-1894 found in the sugarcane bodies resembling gums which 
1 hydrolysis yielded glucose. He was then not able to explain 
le physiological significance of the presence of these bodies in 
igarcane. 

Small quantities of starch as a sheath round the vascular bundles 
diastase were recognized by the author in the younger joints of 


Dunn. Compt. Bend., LXXXII, 1078 ; LXXXIII, 128. 
Brown and Moms. J. C. S., 1890, LVII. 438. 

“ Cross and Sevan. CeUuhie. 

‘Marwell. lauitiana Bull. No. Us'. 
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the cane while none could be found in the older joints. 1 r jj 
that the diastase is functioning both as disintegrator iiud 
of complex carbohydrates. It Ls also possible in view of the evi(l(jj 
adduced that the function of the leaf is a physiological 
growth continues as long as the leaf is alive, and during this tij 
the tendency of the inteniode is to build up higher polysaccliarh 
for its own benefit from the sugar sent in by the leaf till 4 
connection with the leaf is cut off, and that after the 
the leaf re-elaboration of the material takes place as ob.serverl i. 
Stubbs.i 

Thu.s, with our present knowledge of the physiology of sntj, 
cane, two methods of explanation seem possible. Which of tl 
two is more tenable has to be shown by further iiive.?tigatifii 
The bulk' of the evidence adduced seems to favour the secoi 


IV. Summary and conclusions. 


The results so far obtained may be summarized thus 

(1) X method of e.xtracting and examining sinalhqnantltii 

of juice from sugarcane, without harming the caiiei 
any appreciable extent, was devised. 

(2) By the application of the above method the total siig 

content of each joint of sugarcane wa.s (letemiini 
during the various stages of its growth, thus obtainii 
a glimpse into the life-history of the (vine, as told 1 
itself. 

(3) fn a young cane the maximum amount of total .sagan 

found at the ba,sal joints ; as the cane groins older ai 
older, this maximum sugar content moves higher ai 
higher till it is at the highest dead leaf joint, h 
nearer the maximum total sugar content is to t 
highest dead leaf joint, the more advanced it is 
maturity. 

(4) A large increase of sugars occurs in the intetnode ot t 

cane after the death of its attendant leaf : this inffes 


TjOC. cit. 
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may be due either to the influx of sugars from the 
growing parts above or to further elaboration of the 
material already sent in by the leaf before its death 
What it exactly is, is to be decided by further investi- 
gation, 

( 5 ) The formation of sucrose in the cane does not seem 
to be due to such a simple process as the direct 
polymerisation in the stem of reducing sugars trans- 
located by the leaf, as is generally supposed to be the 
case. 

In conclusion, I have to express my deep sense of gratitude to 
C. A. Barber, C.I.E., Government Sugarcane Expert, for freely 
jrding facilities for work at the Government Cane- breeding Station, 
mbatore, to Dr. W. H. Harrison for suggesting this investigation, 
1 to Dr. R- V. Norris for criticism of the results and advice before 
paper was finally written up. 

I am also indebted to my colleagues Messrs. T. S. Venkataraman, 
Ki'ishnamurti Row and LJ. Vittal Rao, Assistants to the 
rerament Sugarcane Expert, for their kind help and friendlv 
acism of the results during the period of my worlc at the Canc- 
ediiig Station. 
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Table II. 


Showing the total sugar content of each internode of 
sugarcane^ as shown by the refractometer. 




1 

No. oi 1 
intemode | 
from base 1 

1 

i 

Observed 

n 

D 

Observed 1 
temp. i 

Total 

solids 

calculated ' 
as sugar 
at 28®C. ' 
% 

REblAlt&S 



KaLcsai Boothah 


1 

1-3595 

27-0 

17-98 

Cane maturing. 

2 

1 -3595 

27-2 

17-99 


3 

1 -3590 

27-5 

17-71 


4 

1-3580 

27-5 

17-06 


0 

1 -3575 

27-3 

16-74 


6 

1 -3575 

27-3 

16-74 


7 

1 3576 

27-3 

16-79 


8 

1-3578 

27-4 

18-96 


9 

1-3583 

27-0 

17 23 


10 

1-3584 

• 27-0 

17-33 


11 

1 3585 

27-1 

17-38 


12 

1-3587 

27-2 

17-54 


13 

1-3585 

27-5 

17-41 


14 

1-3586 

27-5 

17-46 


15 

1-3586 

27-6 

17-45 


16 

1-3578 

27-6 

16-95 


17 

1 3578 

27-6 

16-95 


18 

1-3580 

27-6 

17-05 


19 

1-3590 

27-6 

17-70 


20 

1-3595 

27-6 

18-00 


21 

1 -3595 

27-5 

18-01 


22 

1-3600 

27-4 

18-31 


23 

1 -3000 

27 4 

18-31 


24 

1-3605 

27-4 

18-61 


25 

1 -3605 

27-4 

18-61 


26 

1-3610 

27-4 

18-91 


27 

1-3615 

27-5 

19-21 


28 

1-3620 

28-0 

19-90 


29 

1-3612 

28-0 

1905 


30 

1-3610 

28-4 

18-98 

Base carried highest dead 

31 

1-3601 

28-6 

18-44 



32 

1-3585 

28-8 

17-51 



33 

1-3575 

29-0 

16-87 


Half dead leavea. 

34 

1-3565 

290 

16-27 



35 

1-3550 

29-0 

16-32 



36 

1-3530 

29-0 

14-07 



37 

1-3495 

29-0 

n-77 

Base carried lowest fully 

38 

1-3474 

290 

10-37 


39 

1-3445 

29-1 

8-47 


40 

1-3395 

29-2 

6-12 


41 

1-3395 

29-2 

6-12 


42 

1-3395 

i 27-3 

4-99 
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Table U.—(Contd.) 


Total 


of 

int^mode 
from base 

Observed 

n 

D 

Observed 

temp. 

cc 

solids 
calculated 
as sugar 
as 28 C. 

% 



Sada Kbajse. 


1-3605 

27-0 

18-58 


1-3097 

27-0 

18-08 


1-3590 

27-2 

17-69 1 


1-3578 

27-5 

16-96 r 


1-3565 

27-5 

16-16 


1-3570 

27-6 

16-47 


1-3584 

27-6 

17-37 

8 

1 -ssss 

27-6 

17-42 

9 

1-3586 

27-8 

17-44 

10 

1-3690 

28-0 

17-76 

11 

1-3600 

28-0 

18-36 

12 

1-3583 

28-0 

17-45 

IS 

1-3584 

28-0 

17-40 

U 

1-3575 

28-0 

10-80 

lo 

1-3567 

28-0 

16-30 

16 

1-3575 

28-0 

16-80 

17 

1-3570 

280 

16-50 


18 

1-3575 

280 

16-80 


19 

1-3370 

28-0 

16-50 


20 

1-3555 

28-2 

15-59 


21 

1 -3550 

28-2 

15-24 


22 

1 -3480 

28-2 

10-69 


23 

1-3430 

28-2 

7-39 J 





Chtttan. 

1 

1-3665 

28-0 

22-20 

2 

1-3652 

28-4 

21-47 

S 

1 -3665 

28-4 

21-68 

4 

1 -3645 

28-5 

21-09 

5 

1 -3650 

28-5 

21-39 

6 

1 -3655 

28-5 

21-69 


1 -3655 

28 5 

21-60 

& 

1-3657 

28-6 

21-85 


1-3660 

28-6 

2200 

10 

I’36G5 

28-6 

22-25 

11 

1-3660 

28-7 

22-00 

12 

1-3665 

28-8 

22-26 

13 

1-3673 

28-6 

22-75 

14 

1-3670 

28-5 

22-54 

15 

1-3670 

28-5 

22-54 

16 : 

1*3675 

28-4 

22-88 1 

17 i 

1-3680 

28-5 

2314 

IB ■ 

1-3680 

28*5 

23-14 

19 ; 

1-3670 

28-2 

22-51 

20 

1-3675 

28-2 

22*86 

21 

1-3662 

28-3 

22-07 

22 

1-3663 

28-4 

22-12 j 

23 

1-3660 

28-3 

21-97 j 

•c4 , 

1-3655 

28-3 

21-67 f 


Remarks 


• A heaJthy cane with a full green tuft. 
Tuft not closing. 

I Buds lightly swelling. 

I On cutting showed borer attack. 


Do. half dead leaf. 


Fully green leaved. 


Cane maturing 


I Highest dead leal. 
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Table ll.^(Contd.) 



Na of 
intcrnoclo 
frotu base 

Observed 

n 

U 

Observed 

temp. 

Total 
solids 
calculated 
as sugar 
at 28*^0. 

% 

Remarks 



CHiTTW.^Condd. 





2 .J 

1 

23-0 1 

20-50 

2 b ‘ 

1 3 G 30 

28-0 

20-15 , 

27 j 

1-3030 

28-0 ! 

1 ■ 20-15 1 

28 ! 

1 - 300 D 

28-0 1 

i 18-90 ' 

29 

1 mr, 

28-0 

18-05 

:w i 

1 - 3.075 

28-0 1 

1 10-80 i 

:u 

1-3549 

28-0 1 

15-20 J 

; i 2 

1 • 3 .> 1 .) 

28-0 

! 12-90 ! 

: J 3 

i-m:* 

28-0 

12-30 1 

:u 

1-3490 

28-0 

11-40 




POOVAN', 


1 

1 -3078 

28-0 

23-00 Uane maturiii:. 

2 

1 -3078 

28-0 

23-00 

3 

1 -3073 

28-0 

22-70 

4 

I -3075 

28-2 

22-80 

5 

1-3073 

28-2 

22-71 

f) 

1 -3000 

28-4 

21-97 

7 

1 -3047 

28-.5 

21-17 

8 

1 -3070 

28-.5 

22-52 

9 

1-3045 

28-0 

21-08 

1(1 

1 -3040 

28-0 

20-83 

11 

1 -3005 

28-7 

22-23 

12 

1-3075 

28-T 

22-88 

13 

I -.307.5 

28-7 

22-88 

14 

I-.3050 

28-0 

21-38 

15 

I -3070 

28-7 

22-53 

lii 

1 -3072 

28-8 

22-69 

17 

I -3670 

28-0 

22-53 

18 

1 -3040 

28-6 

20-83 

in 

I -30.55 

28-0 

21-68 

20 

1 -3675 

28-6 

22-88 

21 

1-3083 , 

28-5 

23-32 

22 

1 -3085 , 

28-7 

23-43 

23 

1-3087 i 

28-7 

23-53 

24 

1-3686 ; 

28-7 

23-48 

25 

1-3085 ' 

28-(i 

23-43 

20 

1-3675 ■ 

28-6 

22*88 Highest dead leal 

27 

1 -SOOo f 

28-6 

22-23 

28 

1-3660 

28-G 

21 -98 

29 

1 "3655 • 

28-7 

21-68 i 

.30 

1-3610 

28-7 

18-08 

31 

I -3.568 

28-0 

16-43 

32 

1-3540 

28-7 

14-68 

33 

1-3495 

28-G 

11-73 Fully green loaf- 

34 



No juice 

35 



No juice 
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Table n.~{Contd.) 


fom base 




Total 1 


Observed 

Observed i 

solids 


A 

temp. 1 

"C 

as sugar 

Rkmarks 


at 28“C. 




O/ 

/o 



Fiji C. 


J 

1-3640 

27-0 

20-73 

2 

1-3645 

27-0 

20-98 

3 

1-3653 

27-0 

21-43 

{ 

1-3658 

27-1 

21-78 


1-3658 

27-2 

21-79 

(i 

1-3662 

27-5 

22-01 


1-3663 

27*5 

22-06 

s 

1-3660 

27-0 

21-91 

0 

1-3650 

27-6 

21-31 

10 

1-3655 

27-6 

21-61 

11 

1 -3645 

27-8 

21-03 

12 

1 -3645 

27-8 

21-03 

13 

1 -3640 

27-8 

20-78 

14 

1-3645 

27-8 

21-03 

15 

3-3645 

27-8 

21-03 

10 

1 -3645 

27-8 

21-03 

17 

1-3640 

27-8 

20-78 

18 

1 -3645 

27-8 

21-03 i 

19 

1 -3647 

28-0 

21-15 i 

20 

1 -3650 

28-0 

21-35 : 

21 

1 -3650 

28-0 

21-35 i 

22 

1 -36.52 

280 

21 -45 

23 

I -3652 

28-0 

21 -45 

24 

1-3645 

28-0 

21 -05 

25 

1-3640 

28-0 

20-80 

2« 

1-3637 

28-0 

20-60 

27 

1-3638 

28-0 

20-65 

28 

1-3635 

28-0 

20-4.5 

20 

1-3625 

28-0 

19-8;> 

30 

1-3615 

28-0 

19-2.5 

31 

1-3590 

28-0 

17-75 

32 

1-3565 

28-0 

16-20 

33 

I -.3550 

28-0 

15-25 

34 

1-3535 

28-0 

14-30 

35 

1-3530 

28-0 

14-00 

3(i 

1-3515 

28-0 

12-90 

37 

1-3500 

28-0 

12-00 

38 

1 -344.5 

28-0 

8-40 


Cane ncarinj' maturity. 


Highest dead Icat. 


Lowest fully green leaf. 


H.lLLl) Kahbi'. 


I 


4 

■5 

8 

7 

8 

9 

10 
II 
13 


1-3602 30-0 

1-3610 30-0 

1-3618 30-0 

1-3633 30-0 

1-3635 30-0 

1-3025 30-0 

1-3630 30-0 

1-3635 30-0 

I -3640 30-1 

I -3635 30-2 

I -3645 30-3 

1-3653 30-5 


18- 59 

19- 09 Cane immature 

19 59 

20- 59 
20-59 

19- 99 

20- 29 
20-59 

20- 94 
20-60 

21- 21 I 

21-68 
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Table II. — (Contd.) 





Total I 


No. of 

Observed 

Observed 

solids 

intiemode 

n 

temp. 


Remarks 

from base 

D 

“C. 

at 28*C. i 

o/ i 

/o 



Hallu Kabbu. — Concld, 

13 

1-3633 

30*5 

20-53 

14 

1-3640 

30-S 

2088 

Highest dead leaf. 

16 

1-3640 

30*5 

20*98 

16 

1-3630 

30-5 

20-33 

17 

1 -3628 

30-5 

20-23 

18 

1-3625 

30-5 

20-03 

19 

1-3620 

30-5 

19-78 

20 

1-3605 

30-5 

18-83 

21 

1-3597 

30*6 

18-33 

22 

1-3590 

30*6 

17-92 

Lowest folly green leal. 

23 

1-3555 

30-5 

15-77 

24 

1-3520 

30-6 

13-47 

25 

1-3470 

30*5 

10-22 

26 

1 -3430 

.30*5 

7-56 




Fiji B. 

i 

1 -3675 

29-5 

22-95 

2 

1-3670 

29-5 

22-60 


1 -3675 

20*8 

22-97 

Cana appears numatiu’e. 

4 

1-3673 

29-8 

22-82 


1 -3673 

29*8 

2282 

6 

1-3682 

298 

23-32 

7 

1 -3680 

298 

23-22 

8 

1 -3683 

29*8 

23*42 

0 

1-3682 

29-8 

23-32 

10 

1-3670 

298 

22-62 

n 

1 -3673 

30-0 

2289 

12 

1-3675 

30-0 

2289 

13 

1-3675 

30*0 

22-99 

14 

1-3677 

30-0 

23-09 

15 

1-3677 

30-0 

23-09 

16 

1 -3670 

30-0 

22-64 

17 

1-3660 

30-0 

22-69 

18 

1-3655 

30-0 

21-79 

Highest dead leaf. 

19 

1-3625 

30-0 

1989 

20 

1 -3.565 

30-0 

16-34 

21 

1 -3520 

30-0 

13-44 

Lowest fully green leaf, 

22 

1-3495 

30-0 

11-84 


•23 

1-3460 

30-0 

9*54 





J. 213. 

1 

1-3613 

308 

10-39 


2 

1-3615 

30-0 

19-39 

Cane immatim. 

3 

! 1-3615 

30-0 

19-39 


4 

1 1-3585 

30-0 

17-59 

Peep eraolc. 

6 

1-3615 

30*0 

: 19-39 


6 

' 1 -^25 

308 

1989 


7 

1-3625 

; 308 

1989 


8 

1 1*3024 

! 30-0 

, 1984 


0 

1-3635 

30-2 

20-60 


10 

1-3639 

30*2 

20*85 


11 

1-3640 

; 30-4 

; 2087 i 

12 

1 *3635 

i 

1 30-3 

20-61 j 
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Table II. — {Conld.) 


Total 

Observed Observed 

» as sugar 

D « t 


J. 2U.—Condd. 


1-3635 1 

30-3 1 

20-61 

1-3640 

30-3 1 

2006 

1-3665 

30-4 

2162 

1-3655 

30-4 , 

21-82 

1-365S 

30-5 

2203 

1-3655 

30-5 

2163 

1-3660 

30-5 j 

22-13 

1-3655 

30-5 

21-83 

1-3656 

30-5 i 

21-88 

1-3645 

30-5 ! 

21-23 

1-3645 

30-5 i 

21-23 

1-3635 

30-5 ; 

20-63 

1-3030 

30-5 

20-33 

1-3616 

30-5 ! 

19-43 

1-3600 

30-5 

18-53 

1-3575 

30-5 

1608 

1-3530 

30-6 

14-19 

1-3495 

.30-6 

11-89 


J. 139. 


1-3595 

26-2 

1702 

1-3590 

26-5 

17-65 

1-3565 

26-5 

16-10 

1-3390 

26-5 

17-65 

1-3603 

26-8 

18-27 

1-3615 

27-0 

19-18 

1-3608 

27-0 

18-78 

1-3608 

27-0 

18-78 

1-3610 

27-0 

18-88 

1-3613 

270 

18-88 

1-3615 

270 

18-88 

1-3615 

27-1 

18-88 

1-3624 

27-1 

19-73 

1-3624 

27-2 

19-74 

1-3625 

27-2 

19-79 

1-3630 

27-3 

20-09 

1-3615 

27-4 

19-20 

1-3615 

27-5 

19-21 

1-3615 

27-5 

19-21 

1-3610 

27-6 

1804 

1-3600 

270 

18-31 

1-3605 

27-6 

18-61 

1-3615 

27-T 

19-22 

1-3605 

27-6 

18-63 

1-3598 

27-8 

18-18 

1-3598 

276 

18-18 

1-3585 

276 

17-43 

1-3575 

276 

16-78 

1-3564 

27-8 

1608 

1 -3545 

280 

1405 

1-3545 

280 

1405 

1-3505 

280 

12-30 

1-3435 

280 

11-05 


Hmhe<9t dead leaf. 


Lowest fully livinjf leal 


Cane maturin.'. 


E&lf dead loaf. 


Hig'hest dead leaf. 


Lowest fully preen leaf. 
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Table 

II. — (Contd.) 




Total 


No. of 

j Observed 

Observed 

solids 


intemode 
from base 

1 ^ 

U 

i 

temp. 

C. 

as sugar 
at 28‘^C. 

% 

Remarks 




Yuba. 


1 

1 -3497 

28-6 

11-84 


2 

1-3488 

28-8 

11-31 

Late caiie. Iinmatun: 

3 

1-3490 

28-9 

11-46 


4 

1-3510 

29-0 

12-72 


5 

1-3510 

29-0 

12-72 


b 

1-3523 

29-0 

13-57 


7 

1-D540 

29-0 

14-72 


s 

1-3530 

29-0 

140? 

Highest dead leaf. 

9 

1-3523 

29-0 

13-57 

10 

1-3520 

29-0 

13-37 


11 

1 -3505 

29-0 

12-37 


12 

I -3505 

29-0 

12-37 


13 

1 -3505 

29-0 

12-37 

Lowest fully green leal, 

U 

1-3485 

29-0 

11-12 

lo 

1 -3465 

29-0 

9-77 





Saretma. 


1 

1-359J 

29-2 

18-13 

Matuiing. 

2 

l-3o8o 

29-2 

17-8.3 


3 

1'3'>87 

29*2 

17-68 


4 

I'3600 

29-3 

18-44 


0 

1'3005 

29-3 

18-74 


{) 

l'3«0:i 

29-3 

18-59 


7 

1-3003 

29-2 

18-58 


8 

1 -3595 

29-1 

18-12 


0 

1 -3582 

29-0 

17-32 


10 

1-3605 

29-0 

13-72 


II 

1-3615 

29-0 

19-32 


12 

1-3620 

29-0 

19-67 


13 

i-36:io 

29-0 

20 22 


U 

1-3615 

29-0 

19-32 


lo 

1 -3632 

29-0 

20-37 


18 

1 -3625 

29-0 

19-92 


17 

1 -3622 

20-0 

19-77 


18 

1-3612 

28-8 

1911 


19 

1 -3620 

28-8 

19-66 

Highest drad leaf. 

20 

1 3G20 

28-8 

19-66 

Half dead leaf. 

21 

22 

1-3615 

1-3610 

28-8 

28-5 

19-31 1 
18-99 J 

Carried fully dead leaves. 

23 

1-3610 

28-5 

18-99 


24 

I -3605 

28-4 

18-68 


25 

1-3595 

28-3 

18-07 

Fully green leaf. 

29 

1-3590 

28-3 

17-77 

27 

I.-3560 

28-3 

15-87 


28 

1-3540 

28-3 

14-67 


29 

1 '3505 

28-3 

12-32 


30 

1-3470 

28-3 

10-07 





Chen. 


1 

1-3625 

28*2 

19-86 


2 

1-3625 

28-2 

19-86 

Cane maturing. 

3 

1-3620 

28-2 

19-01 

4 

1-3622 

28-4 

19-72 
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460 


\'o 0^ 


Observed 


n 


Observed 

temp. 

“C 


ToUl 
solids 
calculated 
as sugar 
at 28 C. 


Remarks 


CiiEK. — Concld. 


8 

>1 

10 

11 

12 
1:? 

U 

15 

b) 

1: 

18 

lil 

20 

21 

22 

h 

24 


1-3622 

I -3622 

1'3625 

13623 

1*3615 

1*3610 

1*3615 

}*3615 

1*3595 

] *3585 

1*3616 

1*3631 

I *3620 

1*3605 

1*3600 

1*3600 

1*3575 

[•3545 

1 3525 

1*3500 

1*3475 


28*5 

19*73 

28*3 1 

19*72 

28*3 1 

19*87 

283 1 

i 1977 

28*3 

! 19*27 

28*2 

' 18*97 

28*3 

' 19*27 

28*3 

19*27 

28*3 

18*07 

28*2 

17*46 

28*2 

19*26 

28*2 

20*21 

28*2 

19*61 

28-0 

i 18*65 

28*0 

18*35 

28*0 

, 18*35 

28*0 

: 16*80 

28‘0 

14*95 

28*0 

13*65 

28*0 

12*00 

28*0 

10*40 


Cane when cut open was found pitty. 


Highest dead leaf. 


I..nwe3t fully green leaf. 


Sarktha II. 


S 

4 

fi 

8 

fl 

1(1 

11 

12 

13 

14 


17 I 

18 
ID 
20 
21 
22 
2,1 

24 ! 

2o I 

20 i 

27 ( 

28 ! 

2D i 


1*3625 

1*364.5 

1*3643 

1*3625 

1*3622 

I *3629 

1*3632 

1*3635 

1*3646 

1-.3646 

I *3645 

1*3645 

1*3635 

1*3632 

1*3638 

1*3652 

1-3635 

1*3635 

1*3628 

1*3628 

1*3605 

1*3610 

1*3610 

1*3590 

1*3590 

1*3590 

1*3555 

1*3510 

1*3481 


26*7 

26*8 

26*9 

27*0 

27*0 

27*0 

271 

27*2 

27*4 

27*4 

27*5 

27*5 

27- 7 
27*7 
27*8 
27*8 
27*9 
27*9 
27*9 

28- 0 
28-0 
28*0 
28-0 
28*0 
28*0 
28-0 
28-0 
28*1 
28*1 


19*76 

20*96 

20*87 

19*78 

19*6.3 

20*03 

20*23 

20*30 

21*06 

21*06 

21*01 

21*01 

20*43 

20*28 

20*64 

21*44 

20*44 

20*44 

20*04 

20*05 

18*65 

18*95 

18*95 

17*75 

17*75 

17*75 

15*60 

12.65 

10*80 


Maturing. 


Crack. 


Highest dead leaf 


I^owest fully living leaf. 
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Table ll.—{Goncld.) 


No. of 
iaternode 
from base 

Obeerrod 

n 

D 

Obaerred 

temp. 

®C. 

Total ^ 

solids 

calcalated p-,,.,. 

EB sugar 
at 28*^0. 
o/ 

/o 








Bhaboeah. 

1 

1-3568 

29*5 

16*51 Caae maturiag. 

2 

1-3566 

29*5 

16*30 i 

3 

1-3565 

29*5 

16*31 ! 

4 

1-3565 

29*5 

1631 


1-3565 

29*5 

16*31 : 

B 

1*3560 

29*5 

15-96 ; 

7 

1*8545 

29-5 

15*06 , 

A 

1-3545 

29*5 

15-06 

9 

1*3545 

29*5 

16-06 ' 

10 

1*3550 

29*5 

16-36 

11 

1*3535 

29*5 

14*41 

12 

1-3545 

29-4 

1505 

13 

1-3545 

29*2 

16-04 

14 

1-3543 

29*2 

14-94 


1-3537 

29-2 

14-54 

16 

1-3545 

29-2 

16-04 

17 

1-3540 

29-2 

14-74 

18 

1-3550 

29-2 

16-34 

19 

1 3555 

29-1 

1568 

20 

1-3560 

29-1 

16-93 

21 

1*3365 

29-0 

16-27 

22 

1-3570 

29-0 

16-57 

23 

1-3575 

29-0 

16*87 

24 

1*3565 

29-0 

16*27 


1*3580 

29-0 

17*17 

26 

1*3583 

29-0 

17*37 

27 

1-3563 

29-0 

16*12 

2S 

1 ‘Sooo 

29-0 

15-67 

29 

1*3545 

29*0 

15-02 

30 

1*3535 

28*9 

14*37 Highest dead leal. 

31 

1*3510 

28*9 

12-72 

32 

1*3500 

28*8 

12*06 

IW 

1-3485 

28*8 

11-11 

34 

1-3475 

28*8 

10*46 

3o 

1*3465 

28-8 

9*76 Lowest luily green leaf. 

36 

1*3435 

28*0 

7*75 

37 



No juice 

38 



No juice 


studies in the chemistry of SUGAKCANE 407 

Table III. 

Shoioiiig results of refractometric examimtion of sugarcane 
yarietiss at regular intervals of one month during the jieriod of 
their growth. 


Total solids calculated as sucrose 
at 28^0. 

0 / 

/o 


Total solids calculated as sucrose 
at 28'"C. 


om 

:toni 

2 . 12-15 1 

5 - 1 -ia 

B - 2-16 

8 - 3-16 

bottom 

3 - 12-13 1 

7 - 1-10 

9 - 2-16 ; 

1 i 

9 - 3-16 


i 

5 . 208 . 




Yerea. 



1 

22-93 

23-31 

23-17 

! 

22*23 

• 

21-07 

22-57 

22’56 

21-02 

i 

22-42 

23-31 

1 23-17 

23-13 

2 

20-33 

22-57 

22-75 

21-02 

3 ! 

22-23 

23-01 

23-27 

22-78 

3 

20-49 

22-27 

22-63 

21-27 

1 

4 ‘ 

21-96 

22-76 

■ 23-48 

23-17 

4 

: 2014 

22’57 

22-93 

21*57 

5 

21-70 

22-78 

1 23-21 

23-17 

6 

; 19-09 

22-57 

22-94 

21*87 

ij 

20-29 

23-01 

' 23-31 

; 22*82 

1 

6 

: 18-99 

22-57 

23-32 

22-42 

• , 

20-74 

22-76 

23-51 

22-82 

7 

; 20-14 ' 

22-57 

23-57 

23-02 

S : 

18'33 ; 

22-41 

23-72 

1 22-82 

8 

1809 

21-99 

22-94 

23-62 

9 


22-76 

23-53 

23-21 

9 


21-99 

21-82 

23-32 

10 


22-43 

23-74 

23-48 

10 

i 

21-39 

22-13 

22-36 

11 


22-43 

23-84 

23*46 

11 



22*68 

22 * 7 () 

1! 


21-58 

23-99 

23-21 

12 

i 


23*91 

23-36 

n 


20-73 

24-14 

1 

23-06 

13 

1 



24*51 

23-86 

14 



23-84 

23-21 

14 



24*21 

24*96 

15 

1 


23-84 

23-28 

15 



23*36 

24*26 

16 



23-54 

23-38 

16 



! 

24*56 

i: 



23-24 

23-53 

17 



) 

23*99 

IS 


i 

1 


23-83 






19 




24-13 





i 

20 




23-83 






21 





1 
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Table III. — (Contd.) 


No. of 
inter- 
node 
from 
Iwttom 


Total solids calcufated as sucrose 
at 28^0. 

% 


9 - 1215 ! 6-1-16; 10-2-16 I 9-3-16 


No. of 
inter- 
node 
from 
bottom 


Total solids calculatci 
at 28'C 


10-12-15 


17-1-16 


12-2-16 




Mooali. 


1 

19-79 

21-67 

20-80 

20-43 

0 

19-80 

21-69 

20-80 

20-73 

3 

19-32 

21-69 

21-38 

21-08 

i 

l 7-.'52 

21-69 

21-39 

21-32 

.1 

18-12 

21-39 

21-69 

21-62 

ij 

18-12 ' 

21-12 

21-99 

21-93 

7 

18-12 

^•52 

22-26 

21-93 

H 

10-27 1 

20-52 

22-26 

22-23 

9 

16-27 

- 20-52 

22-26 

22-24 

10 

1 

20-52 

22-57 

22-23 

It 


20-52 

22-57 

22*23 

12 


20-52 

22-93 

22-48 

13 


20-52 

23-21 

22-78 

14 , 

i 



22-84 

22-68 

lo 



22-23 

22-93 

10 ' 



21 -M 

23-13 

17 



2l'-02 

23-13 

1? , 

1 



19-86 

23*13 

19 



19-86 

23 - 3 « 

20 


1 

19-86 

22-78 

21 




22-19 

22 




21-89 



PUBPLE MaURITH’S. 

1 

1 19-64 

; 23-34 

23-32 ij,,. 

2 

1 19-38 

i 24-02 

23-92 jfs 

3 

20-05 

: 24-04 

24-22 2J.J, 

4 

19-85 

24-04 

, 24-32 

5 

19-78 

24-07 

2o']2 

6 

19-38 

2611 

25-67 20'ii; 

7 

18*59 

27-01 

. 26-31 

8 


27-27 

27-21 23'oi 

9 


27-03 

I 27-46 23-01 

10 


27-03 

: 27-76 ! 23-1; 

11 


1 

I 

27-21 2lfi: 

12 



26-91 . 24-11 

13 i 



26-31 25-(II 

14 



25-41 

15 


i 

3fi-I0 

16 



2tK0 

17 



2I)-1& 

18 



2j’B 

19 



2.1'2S 

20 



m 

21 



m 




1 

18 '42 

18 ' 7 I 

20-13 

20-10 

1 

20-78 

; 17-85 

, 18-61 

19 23 

.1 

18'70 

18-65 

20-32 

1 20-27 

2 

20-20 

! 21-35 

19-86 

1 19-88 


18-40 

19-28 

20-42 

i 20-07 

3 

19-92 

1 21-35 

20-11 

j 19-88 

4 

17-92 

19-28 

20-43 

20-07 

4 

19-93 

21-35 

20-41 

! 19-53 

5 

l -'67 

19-64 

20-73 

19-82 

5 

' 20-83 

22-51 

20-71 i 

1 

! 19-57 

t ) 

17 'uo 

19-86 

21-08 

. 19-30 

G 

20-83 

22-52 

21-31 

19-31 


\7-a5 

19-26 

20-73 

19 - 8.5 

7 

19-71 

21-37 

21 -Cl 

19-31 

< 


18-36 

21-08 

I 20 -10 

8 

1 19-71 

22-89 

22-09 

19-61 

fi 


1 18-96 

21-33 

! 20-40 

9 


22-24 

22-42 

19-96 

m 

1 

i 

1 l 9 - 8 o 

21-63 

: 20-40 

1 

10 

1 

21-71 

22-21 

20-21 

11 

j 

i 

20-80 

21-93 

1 20-70 

11 


21-41 

22-47 

20-51 

12 


20-15 

22-33 

1 21-08 

12 

1 1 

21-38 

23-76 

20-21 

i:j 


19-25 

22-78 

j 21-33 

13 


21-38 

23-07 

20-51 

U 

i 


22-48 

! 21-08 

14 

1 

1 

20-83 

23-36 

20-81 

15 

1 


22-23 

1 20-73 

15 



23-14 

21-16 

10 

i 


21-63 i 

2108 

IG 



22-76 

21-45 

1' 

i 


21-08 i 

21-33 

17 



22-42 

21-71 

IS 

i 


20-33 ; 

21-08 

i 

18 ! 



21-87 

22-31 

,111 



19-88 1 

21-63 

19 1 



, 21-57 

22-90 

20 




21-93 

20 



21-27 

23-25 

21 




22-48 

21 1 



20-67 

23-50 





. 22-78 

22 i 


j 


23-80 





23-42 

23 I 





24 



i 

22-82 

24 





25 

1 



22-31 

25 j 











i 






7 
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Table lU.—(Contd.) 


No. of 
inter- 
node 
from 
bottom 

Total solids calculated as sucrose 
at 28*'C. 

% 

No. of 
iutcr- 
node 

Total solids calcu 
at 2^ 
0 

as sue, ^ 

0 

iS.2.|6 

18-12-15 

■:o-M6 

17-2-16 

17-3-16 

bottom 

22.12-15 

20-1-16 



HiIajorah. 




Karia. 



1 

18-06 ' 

18-55 

18-62 

I8-6:t 

1 

17-63 


I8'(>3 

h'A 

-■i 

17-97 

18-55 

18-62 

18-63 

2 

17-02 

18-61 

18-83 

m 


17-67 

18-25 

18-63 

18-63 

3 

16-90 

18-93 

in-23 

H-S 

4 

17-93 

18-55 

18-93 

18-63 

4 

17-05 

19-25 

1E)-T8 


0 

18-18 

18-28 

18-93 

18-63 

5 

16-75 

19-85 


m 

(1 

18-28 

17-98 

10-23 

18-63 

6 

16-15 

20-15 

20-23 


7 

16-93 

17-98 

18-93 

18-44 

7 

16-48 

21-05 

2013 



15-84 

17-71 

19-23 

18-34 

8 

16-13 

21-05 

20-43 

.’O'!) 

fi 

15-88 

17-71 

19-22 

18-04 

9 

15-88 

21-35 

20-73 


10 

14-95 

17-72 

19-52 

17-94 

10 

15-88 

20-80 

21-08 

m 

11 

14-62 

17-74 

19-31 

17-77 

11 

14-58 

19-85 . 

21-33 

in-;:) 


14-62 

17-75 

19-49 

17-77 

12 



21-63 


13 

]4-:»5 

18-05 

19-88 

18-07 

13 



21-33 


14 

14-03 

18-35 

i9-5:i 

IS-17 

14 





lo 

13-71 

18-05 

19-23 

18-37 

15 




21 -mi 

10 

13-22 

17-75 

19-49 

18-67 

16 




21 -Sj 

17 

12-12 

17-10 

10-84 

18-97 

17 





IH 


17-10 

19-84 

19-21 

18 





in 


16-50 

19-94 

19-31 






20 


15-85 

20-09 

19-46 






21 



19-84 

19-61 






22 



19-14 

19-96 






2;J 



19-14 

20-21 






24 




19-96 










19-61 






20 




19-31 






27 




19-01 




_ 




SninlES IN THK CHEMISTRY OF SUGARCANE 

Table \\\.—{C(mtd.) 
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’[VmI scilid'^ calculated as sucruse 
at28T. 

tiT- % 

kIi' 


om 

(1)111 


24-M6 

j 18-2-16 

! 

(21-3-16 


K,1U’DAI Boothan. 


I 


19-71 

20-13 

1 22-09 

i 

■ |,S-(i!) 

20-o(j : 

20-43 

22-38 


: Ift'L'Ji 

20-09 ; 

20-73 

22-38 

\ 

■ IH'SIT 

20-58 ) 

21-08 

22-38 


18-117 

19-98 

21-07 

22-38 

w 

17-47 

20-06 

21-32 

22-68 


17'48 

20-52 

21-31 

22-88 

s 

i7-4:> 

20-84 

21-r)» 

22-42 

ll 

IHvjO 

2112 

21-39 

22-70 

111 

la'so 

19-92 

21-89 

22-18 

II 



22-09 

22-23 

I2 



21-89 

22-23 

Hi 



21-29 

21-93 

u 

, 


20-09 

22-40 

I.' 

1 


20-09 

22-78 

Ill 




2312 

IT 




22-47 

IS 




21-92 

Ifi 




21-33 




! 



No. of 
inter- 
node 
from 

Total solidis calculated as suci-ost- 
at 28-(.'. 

o 

/O 

bottom 

23-1 2- 15 

24-mo 

19-2-16 

j 21-3-16 



Chittax. 


1 

21-51 

23-80 

23-62 

1 23-47 

2 

21 41 

24-7(1 

24-22 

23-2(1 

.3 

22-04 

24-40 

24-22 

22-97 

4 

22-48 

24-40 

24-55 

23-24 


23-10 

24-10 

24-25 

22-99 

6 

22-85 

24-38 

24-55 

22-65 

7 

22-51 

24-17 

24-66 

22-35 

8 

21 -99 

24-34 

24-35 

22-65 

9 

21-08 

24-32 

24'o5 

23-06 

10 


24 -00 

24-83 

23-32 

n 


24-90 

24-92 

23-63 

12 


24-30 

25-] 2 

24-08 

.3 


23-40 

25-37 

24-55 

14 



25-02 

24-89 

15 



-24-82 

25 -19 

Hi 



24-22 

24 -59 

1 




23-39 

18 ‘ 




22-79 

19 




22-24 
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[XIV, 


Table lll—(G<mtd.) 


No. of 
inter* 
node 
from 
bottom 

Total Bolida calculated as sucrose 
at 28^C. 

0/ 

/o 

No. of 
inter- 
node 
from 

bottom 

Total solids calculated a 
at 28°C, 

% 

su(iros( 

23-12-15| 2S-1-16 

25-2-16 : 24-3-16 

23-12-15 

25-1.16 

21-2.16 

2S.J.. 



Fui a 




Fiji B. 



1 

22-92 

22-71 

522-94 

23-01 

1 

22-30 

24-61 

24-36 

ilt 

2 

22-92 

23-31 

22-94 

2391 

2 

22-29 

24-61 

24-74 

241s 

3 

22-92 

22-71 

23-29 

23-11 

3 

22-17 

23-74 

24-44 

2HI 

4 

22-93 

23-31 

22-94 

23-11 

4 

22*02 

24-07 

23 - 14 . 

2Hl 

5 

22-28 

22-41 

23-36 

23-21 

5 

21-72 

22-69 

23-84 

2421 

6 

21-73 

22-41 

23-36 

23-36 

6 

21-12 

22-97 

23-54 

321 

7 


22-41 

23-15 

23-36 

7 

20-87 

22-63 

23-84 

8fl 

8 


21-86 

23-36 

23-61 

8 


22-33 

24-14 

3-K 

9 


21-20 

23-61 

23-61 

9 


21-79 

24-44 

mi 

to 



23-81 

23-81 

10 


21-49 

24-74 

22':i 

11 



23-36 

23-61 

11 


21-49 

25-14 

2240 

12 



22-61 

2391 

12 


21-49 

25-59 

22-lt 

13 



22-16 

24-31 

13 


21-19 

26-24 

Sl-ai 

14 



21-86 

2491 

14 



25-89 

21-80 

15 



21-56 

25-41 

15 



26-59 

21 '5! 

16 



20-96 

24-51 

16 



25-04 

22-li 

17 




23-91 

17 



24-44 

22-ti 

18 




23-91 

18 



23-84 

n-% 

19 





19 



23-54 

2S'60 






20 



22-94 

23'36 






21 




23 -SI 






22 




24-51 






23 




24'8I 






24 




24-21 






25 

1 



2361 






26 ' 




23 -M 


1 

1 






1 

!2-iI 


1 


1 


1 
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Table lll.—{Contd.) 


0. 

it^r* 

(xie 

13111 

twm 

TriMi solids calculated aa sucrose 
at28°C. 

0/ 

/o 

No. of 
inter- 
node 
from 
bottom 

; Total 

i 

solids calculated aa 
at 28°C. 

% 

28-1-16 25-2-16 

sucrose 

29.13-15 26-1-16 

1 26-2-16 

March 

j 30-12-15 

March 

' 


BODI. 




Ycba. 


— 

1 

•• 




1 

19-03 



[ 

2 


i 



2 

19-09 




3 

15-63 




3 

19-74 




4 

15'29 




4 

19-41 

18-99 

18-48 


5 

15-01 

17-82 



5 

19-09 

1809 

18-18 


6 

14-92 

17-82 

17-91 


8 

18-79 

18-41 

18-18 



1502 

18-10 

18-11 


7 

18-79 

18-42 

18-22 


S 

15-02 

18-15 

17*91 


8 

18-49 

18-72 

18-32 


9 

15-02 

18-18 

18-25 


9 

19-39 

19-02 

18-18 


iO 

14-77 

17-88 

17 95 


10 

19-09 

10-05 

18-48 


[1 

U-37 

17-58 

18-15 

1 

11 

18-79 

19-35 

18-78 


12 

14-07 

17-58 

18-25 

J 

12 

18-19 

19-39 

19-08 

1 

[3 

15-02 

17*88 

18-00 

& 

13 i 

18-19 

19-09 

18*78 

1 






j 





[4 

13-72 

17-58 

18-25 


14 

17-89 

19-39 

19*08 






g 


. 



& 

[j 

13*78 

17-89 

18-40 

X 

15 


19-74 

19-38 

*« 










s 

16 

14-06 

18-19 

18-55 

O 

16 


1909 

19-68 












17 

14-36 

18-10 

18-55 

5J 

O 

17 


19 09 

20-03 


16 

14*05 

18*79 

18-25 

o 

_2 

18 


18-49 

20-23 

c 

Z 

ID 

14-03 

19-09 

18-25 







JO 

13-33 

19-09 

18-25 

'Z 






ii 

12*00 

19-39 

18-25 







n 

12*65 

19-09 

18*55 







!3 


18-49 

18-55 







24 


18-19 

19-15 i 







23 


17-49 

19-45 



i 

1 



26 



19-75 







11 













19-30 







IS 













18-85 
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Table III. — {CoMd.) 


Total solids calculated as sucrose 
at 28‘^C. 


Total solids calciil,iu,,j a 
at (' 


3112-15 27-l-l() 4-3.l() 


30 - 12 - 15 , 29 - 1-10 O - IJ.jij 


19-23 


1 

19-91 


18-93 


2 

18-20 


1811 


3 

17-60 


18-75 


4 

17-60 


19-08 


5 

17-51 


19-08 


U 

17-31 

17 - ii 9 

18-78 


7 

17-01 


18-97 


8 

IB-HS 

17-21 

19-13 


9 

10-02 

17-59 

I 9'30 


1 <! 

I 6-37 

18-19 

19-40 


1 1 

10-07 

17-59 

19-30 

z 

12 

10-01 

17-24 

19-40 


J:i 

lo-w 

10-94 

19-75 


1-1 

1 7-59 

16-14 

20- 10 

c 

15 

10-94 

10-04 

19-45 


hi 

10-34 

10-81 

18 - 5-5 

•r 

17 

15-33 

16 - 9 + 

17-00 


18 

15-32 

17-21 







9 

19 

15-02 

17-59 


z 

20 

14-09 

17-94 


t 

21 

1 4-33 

17-89 


= 

22 

12-92 

18-19 


g 

23 

12-30 

18-19 



24 

lO-iO 

17-89 



25 

10-03 

17-21 



20 

9-04 

J 7-59 


y, 



1 



27 


10-94 1 



28 


15-99 



29 





30 



, 


31 

32 




studies in the chemistry of sugarcane 

Table 111 .— (C'omcW.) 


c£ 

•r J solida 

at 28'€. 

0/ 

Ko. of 
inter- 

Total solids calculated as sucrose 
at 28°C. 

et' 



'o 


node 



/o 


If 





from 





UJ 



7-3-16 


bottom 


' ' ' 



oiu 


27-Mt) 



24-l2-15j25-M6 

24-2.16 

25-3-16 


(,'ms. {Aligtirh.) 




.1- 247. 



1 

1£)'25 




I 

21-51 

I 21-90 

21-88 

21-72 

1 

19-35 




2 

20-95 

1 21-88 

21-58 

21-22 

') 

19-35 

18’ilti 



3 

20-70 

21-27 

21-60 

21-12 

\ 

19-'U 

19-26 



4 

20-35 

: 21-01 

21-tKj 

21-72 

■> 

19-35 

18-95 

18-93 


5 

19-78 

' 20-35 

21-30 

21-75 

i) 

19-85 

19-25 

18-93 


6 

19-63 

^ 19-78 

21-30 

2]'j7 


19-59 

19-60 

19-23 


7 

19-18 

19-43 

21-05 

20-o9 


!ll-o9 

19-85 

19-53 


8 

20-40 

19-15 

20-72 

19-74 

11 

19-24 

20-15 

19-87 


9 

16-50 

19-15 

20-43 

10-09 

t) 

19-5(1 

19-85 

19-51 

"C 

Kl 

16-20 

■ 18-83 

!si-n 

18-23 





s> 






1 

. IH4 

20-15 

19-80 

o 

« 

11 

15-85 

18-83 

19-01 

I8-o3 

i 

19-34 

20-4') 

20-U 

X 

o 

12 

15-85 

; 18-48 

19-06 

18-27 


' 18-95 

20-80 

20-3“ 

o 

Ji 

5 

13 

U-91 

; 18-23 

10-27 

18-27 


18 95 

20-45 

20-22 

3 

0 

o 

14 


■ 18-23 

18-67 

17-32 

0 


20-80 

20-33 

1 

15 


17-63 

18-36 

17-02 

.1) 


20-15 

20-03 

& 

10 



18-11 

16-42 





'A 






' 


•21-05 

20-29 


17 



17-46 

15-82 

\s 


20-80 

20-29 


IS 



17-06 

15-82 

[9 



20-59 


19 



16-41 

15-82 

^0 



20-94 


20 




16-07 

2! 



21-19 


21 




15-47 

22 



21-49 







2,1 



20-94 







2) 



20-29 






' 

s 



19-09 

1 








THE EFFECT OF SALINITY ON THE GROWTH 
AND COMPOSITION OF SUGARCANE 
VARIETIES. 

i 

t 

BY 

K. KRISHNAMURTI ROW, D. Ag., ? 

Chemical Assietant to the Government Sugarcane Expert, Madm. 

During 1913, in a portion of Block II (Fields Nos. 3, 12 andll 
of the newly acquired Cane-breeding Station, Coimbatore, son 
sugarcane varieties and seedlings were planted. Of the tlit 
cane varieties, imported or local, many died, and the few that can 
up were very unhealthy with pale or yellow leaves, and had a stimfe 
growth. The North Indian thin indigenous cane varieties carnet 
better, but nob to the standard expected (Plate IX). Our seed 
canes too fared no better on this piece of land, though on a portit 
of Block I (Field No. 7) the same seedlings came up satisfactoiil 
To study the causes of the unsatisfactory growth of canes in Block I 
and to find out what sort of varieties come up and what not, Fie 
No. 3, as representing Block II, was set apart, and on small plo 
of it year after year some varieties and seedlings were grown uni 
the same conditions as existed when the estate was taken over. 

Growth of canes in Blocks I and II compared. 

As a result of our experiments during the years 1914-18, 
may be stated that thick juicy varieties as a rule do not come up 
Block II (Field No. 3). Below is given a list of varieties that hi 
to grow and of those that came up well. 

( 476 ) 



PLATE I 


alkaline plot. 1914-15, 7! MONTHS Ol.D, 



Chilian K. Boothan Poovan J 3() B. 208 


Thick Canes 
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gock a irrigated by Well No. 3 {saline water). 


VjBiETrBS THAT FAILID TO OEOW. 

rhitten Kaludai Boothan, Poovan, 
f-SoS PufP'® Mauritiua, Magh, Bogapura, 


iHBIR GENERAL CUARACTERISTICS. 

ThMe aia aoft, tUck canes containing from 
10 to 15 per cent, of fibre, 15 to 20 per cent, 
ol sucrose, and giving 65 to 75 per cent, of 


VAalETIBS THAT CAME UP FAIRLY WILL. 

■ \'«nal Katha, Saretha, Putli Khajee, 
n“lin Kabbii, M- 1017. JagannatKia, Dhor 
Si M. 1826, M. 19 and M. 2104. 


Thrac are harder, thinner eancs, contain from 
15 to 20 per cent, of flbre, 13 to 16 per cent, 
of sucrose, and give 40 to 35 per cent, of 
juice. ^ 


In order to make a detailed study of the differences in growth, 
K;,, of canes in Block II (Field No. 3) and in Block 1 (Field No. 7), 
all a dozen varieties which had done well in Field No. 3 were chosen. 


'her were planted and harvested on the same date on both the 
elds and their after-cultivation was also similar. The growth, 
tc., of the above varieties are hereunder compared. (Chart 1.) 




j I IK'. .. j a-o 1-tiO 0-34 
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ji'roiu the above, it will be seen that cane varieties in Block J 
ve one and a half times as tall and twice as heavy as those 
on Block II. In Block 1 the plants were more vigoroms and 
1 full stand, and, as already noted, thick cane varieties (Vellai, 
gtt .) "'hich do not come up at all in Block II come up in Block 1 
idactoiily. (Plates X and XI.) 


Reasons for the differences in growth. 


The leasons for the poor growth of cane varieties in Block 11 
ield Xo. 3) will be made clear if we compare the composition of the 
1 and irrigation water of that field with that obtained on Block 1. 


Amlysis of soil and sub-soil of Bloch 1 ami 11. 




1 Block J 

Bi.ih'k JI 



Surface 

soil 

.Sub soil 

Siirtacf 

soil 

! 

■Sub-soil 

1, t'ai'bonate 


dUI8 

0-000 

'.»-0lS 

0-01 S 

.c. carbonate 


UUtf4 

0-004 . 


0-008 

[1. larbf.ln^^rc 


MIKM 

Ooos 

iioo:{ 


ci. .lulpliate 


UUJi 

0)Km> 

0-024 

0-002 

rl. chloride 


1)021 

0-012 

0015] 

O'Oo:; 


Total solid.-s 

l)0».5 

0-070 

U-170 

11 1 111 


Emmiiiulion of layers of soil in pits duy in Bloch I and II. 


Soil 


I’f renlaj;,' of chlorine in 

ttip b layers. 


Block I 


Block JI 


^rei'aje 


Pfi-centaop of total solids 


the fi layer.s, 


Fine red silt uniform 
tiiroiishout 


t»JG 


Blackish, fairly stiff soil contain 
ing at a depth of about 2' from 
the surface a hard layer of 
stiff soil incapable of 
free drainage. 


I '0111 the above analyses of .soil, sub-soil and of pits, it will be 
' but in Block 11 the percentage of sodium chloride in the surface 
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layers is more than three times that of Block I, and in drepgf [j, 
of pits it is worse still, containing nearly six times that of 
But for this sodium chloride, other salts present are not in 
great excess in Block II. 


Composition of well waters of Blocks / and 1 1 



Block I 

(Welt No. 1) 

Block II 

(Well No. 3) 

• 

(In 100,000 1 

arts of water) 

Cal. j carbonate 

21*42 

26-80 

Mag. carbonate 

9-07 

2!)*5:. 

Sod. carbonate 

10*39 


Mag, sulphate . . . . * . 

'.... 

11'85 

Sodium sulphate 

10-37 

48-16 

Sodium chloride 

32*68 

188*98 

Total solids (by evaporation) 

91*00 

342*00 

Total injurious salts 

53*34 

248*99 

T'he presence of 188’98 parts of sodium chloride in 100,0#) 
parts is certainly very high and should have been the chief cause lot 
the poor growth of canes observed in Block If (Field No. 3). It is 


observed in an article by the author on “ well waters ” in tb 
Madras Agricultural Students’ Union Journal (pages 26-28, Jamian, 
1914) that canes grown under a well containing more than 70 parts 
of sodium chloride at Samakulam Agrahilram were not doing so 
well as those which contained smaller quantities of the above salt, 
The evil effect of irrigating lands with such saline water, especially 
when the soil is fairly stiff as in Block II, is to produce an efflores- 
cence of a peculiar kind of soft brownish earth, very powdery, oidb 
sides and tops of ridges(see Text-figure). This kind of efflorescence, 
was practically absent in Block I. The powdery earth 
carefully scraped, .sampled and analysed with the follonu'S! 
result : — 
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liiahins of the saline efflorescence found in Block ll. 


T.ime (CaO) 


per cent. 

1*10 

Magnesia (MgOL . 

- 

M. 0*43 

Potash (KoO) . . . . 


™ 0*02 

Carbonic acid (CO „) 

.. 

O'Ol 

Sulphuric acid (SO.) 

•• 

- 0-57 

Chlorine (Oi) 

- 

3*83 

N^itrates (by Nitrometer) . . 


^ 0-43 


The above analysis confirms that the chief cause for the bad 
ffth of fane in Block II is chlorine. 



Saline efflorescence in Block 11. 
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It may be interesting to note in this connection that an anji 
of the water that was dripping from the other end of caiip on 
ing, showed that 60 per cent, of the soluble ash was sodium ..i i [' 
(mde page 390 (1915) of the Madras Agricultural (■ ■ 

Journal). 

If we now take into consideration all the above factors wljj 
go to smother the growth of cane in Block II (Field No. 3), it 
inferred that the chief source of all our troubles is the nature 
irrigation water of Well No. 3, and that the chief injurious increiliej 
of this water is chlorine. Other contributory causes, eh .ejHn 
nature of soil layers in pits, the very badly saline uature of tli 
efflorescence, etc., may all be traced to this bad irrigatioiuvatei 
The indifferent drainage of Field No. 3, due to the pre.seuce of a luj, 
stiff layer at a depth of about two feet, may have also contribute, 
to the bad growth. 

Effect of saline conditions on the a.sh of c.ixk 

JUICES. 

To determine how the .saline conditions above referred to afet 
the composition of sugarcane juices, the following e.xpenmeiit 
were made. One hundred c.c, each of the juices of Clem 
Tern, and Katha varieties were evaporate<l to dryness and ignited 
The quantities of inorganic salts found in the above nrc givei 
lielow ; — 


VAKlKTJiiS 

Pakticulars — 




('heni 

Tern 

Katha 

Lime 


0-023 

0-037 

Omo 

Magnesia 


0-067 

0-083 

6-071 

Phosphoric acid 


0*079 

0-050 

[U'OSI 

SulpWio acid 


0-132 

0-062 

0-08‘ 

Chlorine 


0*266 

0-234 


Potash 


0*350 

0-3U 


Undetermined 


0*058 

0-070, 

(j-lfiU 

Total percentaob uf ash 


0*975 

U-868 

i-lS7 


The above analysis gives one an idea of the large perienfii?'’ 
of chlorine in the juices of canes grown under .saline eonditieii'' 




CHART I 


nagvyi-mnnH 


33rVHH-iiind 


viHiVN vovr 


928I'IN 


(!N 03 s; aOriQ 
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. tliesf same varieties would fare if grown under better conditions 
„id not be ascertained, as we had no duplicate plot then. In the 
' . 1917-18, as already noted, we had a duplicate plot of Block 1. 
is civen a comparison of the chlorine contents of the same 
cties grown under different conditions (Chart II). 


\-nrieties 

Block I 

Block JI 







Total solids 

Chlorine 

Total koiiils j 

Chlorine 


0-707 

0-144 

1 

0-918 

0-316 


0-765 

0*135 

0-810 

0-218 


0-846 

0*136 

0-959 

0-313 

gaimatlua 

0-955 

0*204 

1-073 

0-340 

itli Khajee 
.illiiKabbti 

1-039 

0*138 

1-139 

0-42B 

AVEBACiE 


0*151 


0-324 


from the above it will be seen that the a\’erage percentage 
[ chlorine obtained in the ash of cane juices of varieties grown 
iider saline conditions is more than double that obtained in the 
uplicate plot (Block 1). Again, a reference to the detailed analysis 
f ash shows that juices which are highly charged with chlorine 
Isoc'ontain a high percentage of potash (Chart III). 


Chlorine Potash 

Cheni . . • • - • • * 0’266 O'SoO 

Teru .. .. .. 0-234 0-314 

Katha . . . . • • • • 0'3*'>5 0*395 


Figures of further analyses made to confirm the above results 

ii'f 

L™ .. .. .. .. 0-088 0-14 

Pcovan .. .. -- 0'095 0*18 

;'I. :’013 .. .. .. .. 0-280 0-41 

The presence of chlorine in the juices, as already mentioned, 
is due to the large amount of that element in irrigation water and 
in the soil. But the presence of large percentages of potash in the 
jnioes is not so easily explained. Fortunately, this question has 
lim tackled by Geerligs (page 5S6, Inter. Sufjar Journal, 1905). and 
liis iiirestigations on the influence of soda salts on the constitution of 
sugarcane afford the necessary explanation. His conclusions are : 
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“ From these investigations we draw the conclusion that soijj 
chloride extracts potash, lime and magnesia from the soil, and pm 
these at the disposal of plants ; and next, that sucrajfj 
assimilates in the first place the potash, in a much inferior deore 
lime and magnesia, and finally, if there is nothing else to he liad al- 
soda, etc.” Thus the presence of potash in a marked degree in i 
juices of canes grown under saline conditions has been traced to |j, 
due to sodium chloride present in large quantities in irrigation «atp 
and in the soil, and as large quantities of potash co-exist with Ian 
quantities of chlorine, it suggests itself that an analysis of any one o 
the above ingredients may give one an idea of the quaiititvo 
the other. 


The determination of potash is not easy and entails tedion 
processes ; so the choice fell on chlorine. Even in this, the usb 
method of determination — evaporating the juice to drynes.s, ignitim 
the same and then titrating the water extract against silver nitrat 
solution — is not quite feasible in an ordinary field laboratory. Again 
as sugarcane juices are generally acid in reaction and also turbid 
without neutralization and clarification, a sharp end reaction witl 
silver nitrate solution cannot be obtained. The usual basic lead 
acetate cannot be used for clarification purposes, as chlorides preseiii 
in the juice will be precipitated as lead chloride. After many triak, 
the following method that is found to give fairly satisfactorr 
results was adopted. 


Direct method of determining chlorine in (axe 
JUICES. 

Fifty c.c. of the sugarcane juice to be examined weir 
measured out into a 100 c.c. measuring flask, neutralized witli 
pure lime water, 25 c.c. of alumina cream added, and the whole 
then made up to 100 c.c. with distilled water. This was then trans- 
ferred to a beaker and kept covered on a sand bath for some 
time till albuminoids, etc., in the juice began to coagulate ami 
settle down. On filtration the filtrate was found to be cleat 
and ready for titration. For impure juices a small qiiantit' 
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f hoiif (-’liar may be necessary to ensure a clear filtrate, T\veiit\-- 

c.c. "<■ filtrate— equivalent to m c.c. of the origuml 

taken and titrated against decinornial silvei' nitrate 

(iliitioU' 

•[’],e above method of determining chlorine diii'cth- in the 
jjfc saves much time and can be undertaken .side l)y side with 
te usiiiil juice analysis in any field laboratory where facilities foi' 
^.jporatiiig and igniting the juice do not exi.st. Though this method 
ivfs slightly higher percentages than that obtained l.v the ignition 
letliod. as will be seen hereafter, the results obtained give ,,nc a 
orvcct idea uf the relative quantity of chlorine in the jiiiie -tlu; 
(ihjcct aimed at. 

ThT.: I’.SU.-tL lONITIOX .METHOD .VXD THE Al.rMIN.V CRIC.tM 
METHOD COMPARED. 

Tu ascertain the differences in the value of chlorine obtained 
11 the two methods, it was determined hy the usual c\-apoi’ation 
,ii(! ignition method at the chemical lalroratorv ht- one 
issistant, and liy the lime water alumina croaiu method at. the 
hiue-breeding Station field laboratory by an(,>ther with tla^ followinc 
■e.siilt (Chart IV): — 


ChloriM obtained, in lOD c.c. of cane juice. 


Variety 

1 

Ignition method ' 

Alinuina ereaiu and lime 
water method 

biva 

(liKX) 

o-lH» 

I’l.uivan 

UU9o 

01 2U 

Saretha 

01811 

0-2i<» 



0-34U 

!'hor{!:5eoni) .. 

o-3H> 

0-381 

'I. lS2(i 

0-218 

0-28.-, 

■lagunnathia 

0-313 

0-300 

Chilli Khajee . . 

0-340 

0-408 

Kiillu Kabbu . . 

0-42<» 

0-500 


.I'thigi' of a art of anotlier j* anal^-scs of the above v!irietie>i m trlio duplicate plot. 
i'horf.Seoni), M. 1826, Jagau- (l-lol (rl7!l 

iiatilia, Piitli Khajee, Hullu 

Eabifii. . 

Average of all the above. . , 0-2l(i 1 

It is seen that, the percentage of chlorine obtained from 
^'gmfion method is about Ifi per cent, less than that obtained 

8 
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by the alumina cream method. As the ingredients used were 
it is presumed that this may be due to the loss of a small quantftv” 
chlorine in the ignition method by' volatalization, and to the nr ' 
tation of some other substances of the cane juice by silver nitrsi 
in the direct method. 


Having traced the poor growth of cane in Block II (fjj| 
No. 3) to be due to the very badly saline conditions under wtit 
they were grown, and having shown that such canes contain in ttj 
juices large percentages of chlorine, it is now- proposed to coinpa] 
in a general way the amount of chlorine which the different varieti 
are capable of taking from the soil and the effect of chlorine on tl 
sucrose, glucose, and purity of the cane juices. 


The AMOUNT of chlorine absorbed by different VAEIETIEs 
AND ITS EFFECT ON THE SUCROSE, GLUCOSE, ETC,. 

OF CANE JUICES. 


Chlorine contents of good thick juicy varieties under saliii 
conditions obtained in Block II could not be estimated, as thevdonc 
grow at all under such conditions. But to show in a rough way tlis 
they are not capable of absorbing much chlorine, I give below suin 
chlorine results of thick cane seedlings grown on Block I. 


Thick cane seedlings and varieties. 




Silver nitrate required 



iSeediing 

for 100 C.C. juice (by 

Chlorine m]lWc.c, 


No. 

the alumina cream 

of juice 



method) 


Kanin ^ 

1313 

36*8 

013 


1279 

2G’0 

0'l)9 


885 

300 

0-IJ 


1170 

35-2 

0'i2 


1173 

36*0 

0-]3 

Chittan ^ « 

485 

27-2 

O'lO 


222 

22'0 

u-us 

J aTa 



0'09 

PoOTan .. 



U'95 

Averaob 


30*5 

(Ml Tl® 




,S equivalent toil' 

by the 




metliMi- 





SUCROSE ( — ) OLUCOSE C-----) & PURITY C--) OF CANES IN 
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Thin cane varieties. 


1014 


Chlorine 
in loo c.c. 

( Block II (Fields Nos. 12 & 13). No duplicate pint. Chloriiif 
■i got by the ignition method - 0-234 

^ 0-355 


inal 

si 

etha 

101 ‘ 


1 j Block II (Field No. 3). No duplicate plot. Chlorine bv 0-3^ 
I 1915 { the alumina cream method * 0'350 

0-370 
0*420 


As already noted, the amounts of chlorine absorbed by some 
jrtli Indian thin cane varieties under saline and sweet water 
nditioiis are given below 


Varietiaa 

Block 1 

(sweet water coaditions) 

Block 11 

(F. No. 3 saline conditions) 


Chlorine 

i 

Chlorine 

iiir(Seoni) 

. . ' 0*144 

0-316 

1829 . . 

0-13} 

0-213 

gannathia 

. . ■ 0-136 

0-313 

itli Khajee 

.. ! 0-204 

0*346 

:]lu Kabbu 

0-138 

0*426 

Ave age of all thin caaes 

0-151 

0-310 


From tlie above it could be roughiv inferred — 

(1) that thick juicy cane varieties absorb much less chlorine 
bn thin hardy varieties ; 

(2) that chlorine contents of varieties to a great extent depend 
ipoii the nature of soil and of irrigation water under whicli they 
ire gioTO ; 

(3) that different varieties absorb different amounts of chlorine 
lough grown under the same conditions. 

From the figures given in the following tables it will be 
-en that the effect of large quantities of chlorine in any juice 
1^1 lower the values of sucrose, purity, as well as of glucose 
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Sucrose. 


Year 

Seedlin;; No. or 
variety 

filoek I 

‘'lock n 

' 



1913-14 

17 

14-71 

12* 

19 

15-31 

14-1 i 

25 

14-20 

11 -so 

26 

11-75 

lu-ss 

27 

14-76 

11 w 

29 

14-62 

!!-;!! 

30 

14-14 

I.VM 

34 

14-79 

10-4!) 

37 

11-68 

Hi 

39 

15-84 

13-42 

• t.' 

16-19 

14-5? 

AvtmfiK 

14-36 

12'2!1 

1917-18 

Dhor(8coni) 

11-78 

]2'11 

M. 1826 

14-15 

13-1(1 

Jatiannatliia 

13-33 

lO-OS 

Viitli Khajcc .. 

9-40 

!l-2:l 

IlulhiKaMm 

14-83 

!0-(W 

M. in 

n-99 

]]-53 

5459 

10-44 

(l-B 

1 5460 

8-46 

m 

6621 

13-60 



7319 

15-39 

o-o.i 


7323 

1 3-54 

S'4.( 


Average 

12-45 

I0-!0 


Out of 22 cases considered, in 20 cases the suornse perceiifa?? 
is higher in the less saline plot (Block 1) and the average percenta?® 
is higher by 2 per cent. 
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Glucose and co-efficient of purity. 


1 

Vari, ,. '^ and rogues 



Block I j 

Block 11 

Glucose% • Purity 


Purity 

„ri.Seoiii|. ■ 

1 02 77 0 

n-2;i 

7.V.-i 

10 

0-70 H(J-8 

n-22 

TIi'l) 


0:t2 SI -3 

0-40 


tHKiiajt'C 

D-OS ' 70-4 

O' 4.4 

Oelow 

<i7'S 

illiiKabbii 

0-27 82*0 

O' 15 

74-:! 

in 

0-:(() 1 70-0 

0-21 

, 74*2 

•,l) 

0-77 70 4 

0*15 


■ii I 

I -22 00-7 

U-19 

'i4'S 

it 

0-07 77*8 

0-17 

:2-o 

i!t 

0-:iS 82-:) 

0-21 


i:i 

\H 7,S-!t 

0-3I) 


AviiK.\GK 

0-HO 77 1 

o-2;j 

7i»'7 


It is natural to expect juices which contain largej' amounts 
! soluble salts and which give lower sucrose results to give lower 
i-effifieiits of purity. But the lower percentage of glucose obtained 
I Block If was not quite expected. On the manufacturing side 
le effect of this low percentage of glucose in a juice which also 
iiitiiins large quantities of .soluble salts is undesirable ; for this 
eiiditimi would prevent crystallization of sucrose, according to the 
sseai'ches conducted by (feerligs {vide pages 369 and 415. Sugarcane, 
895 ). this is due possibly to the large amount of soluble salts in 
Ilf ihiii cane varieties with low percentages of glucose. The 
Vffftes obtained at the Caiie-brecdiug Station do not set well and 
I'll to liquid in course of time. 

Experiments with gypsum were conducted in 1916-17 witli the 
'Hrieties mentioned below under saline (Xo. 3 well water) and sweet 
“^^terjXo. 1 well w'ater) conditions. Both the plots were planted 
the 30th June and 3rd July, 1916. and both harve.sted 
28th June and 30th June. 1917. .\s the analytical 
puts obtained confirm the previous results, they aic noted below, 
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SWBET WATEE OONDITIONS 


Salinb coni 


iiTlOjis 



Av, wt. 

Sue. 

GIu.* 

Purity 

Av. wt. 

Sue. 1 

! 

friu.* 


Putli Khajee 

0-70 

Il-OG 

0-91 

72*6 

0*32 

8-16 

U-IG 

eii 

M. 19 

0-47 

15-66 

0-24 

83-2 

0*19 

10-75 

(H3 

6H 

Hullu Kabbu . . 

0-81 

16-71 

0-23 

84-4 

0-33 

11-36 ; 

0-25? 


Ekai 

0'55 

: 12-17 

o:i9 

78-9 

0*25 

5-78 

o-io 

m 

DhaurKinar 

0-32 

15-26 

: 0-28 

81-2 

0-22 

9-07 

0-10 


Averaojs . . 

0-o7 

U-I7 

; 0-41 

80-0 

0-26 

9-02 ; 

0-15 



• The glucose figures are the average of several determinations. The figures lor indiTjj 
cases are given below and ihey prominently bring out the fact of very low jesuhs ububi 


under saline oondition.s. 


Putli K ha jfc .• 

1-03 

M. 19 

0-28 

Hullu Kabbu . . 

9-18 

Ekar 

0-48 

DhaurKinar .. 

0-43 


0*68 

114 

& below 
081 ' 

0-25 

0-34 

&. below 
015 

0-31 

0-37 

& below 
0-15 

0-46 

0-37 

& 0*25 

0-26 

0-25 

& 0-20 


below 

below 


! 0'24 

0-15 i 

0-15 i 

0-18 


below i 

below 

helow 

m 

0-15 

0-15 

0-15 

below 

below ' 

below 


0-15 ; 

0-18 

0-15 

below ‘ 

below helow 


0-15 i 

below 

0-15 

0-15 

0-15 

j 


From the above, it will be seen that out of 20 determinatioi 
only two gave below O’lo per cent, of glucose under sweet water foi 
ditions : whereas the same varieties under saline conditions gavelielo 
O’lo of glucose in 11 out of 16 determinations. 


References to literature on the subject, 

Geerligs : “ Generally in sugar mills where chiefly a pure m 
rich cane is crushed the juices contain little potash, while in otter 
where even the best ripened canes never rise above a comparathel 
low figure, large quantities of that element are to be found. • 
{Inter. Sugar Journal, page 420, 1911.) 

Hilgard : “The common beet (including the Mangel 

is known to succeed on saline, seashore lands Siidi tf® 

are wholly unfit for sugar-making. They are also said to be bitt 
for stock .’' — (California Bulls. 12S and 133.) 
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LehnicW : “ Alkaline nature of a soil gives greater soluble ash 
which prevent sugar crystallizing out, and it makes the 
|nr content also low.”— (Mysore, Third Annual Report.) 

Hilga"! : “ In grapes the sugar content seems to have throughout 

tendency of decreasing with increasing strength of alkali,”— 
llifortm Bulk. 128 and 133.) 

Leather : “ The taste of the cane was distinctly saltish, showing 
jat it is a salt-absorbing plant— a fact of some practical value. It 
lav be remarked that the presence of any large quantity of these 
ilts in cane juice would make it useless for manufacturing purposes, 
’he percentage of sugar in the cane appears to be below the 
rerago’-(-4?«- Ledger, 1901.) 

Mann : “ Sugarcane, when well manured and watered, is a 
Top very resistant to damage by salt, and, as a rule, when it will 
lot mow, the land can be used for little else.”— (Com. Bull. 3'J 
)f 1910.) 

V'de.— The above statement of .Mann is rather exaggerated as we have been getting at 
lie Cane-bieeciing Station good crops of cholam. (Sorghum) and mji (FAtus'm mracam) iu 
Block U (Field No. d), whore good thick canes do not come up at all, and where even the 
iiii hardy canes only grow indiSerently. 

The results of experiments by Echart at Hawaii regarding the 
efiect of salt in the irrigation waters are given below 


Plot No. 

Salt per gal. in 
irri. water 

1 

Lime added 

Grs. of Cl. per gal. 
in juice 

Sugar per acre 



1 


lb. 

1 

^’one 

No Jime 

9-80 

25,648 

2 

' 200 gr. 

Coral (powdered) 

93-10 

5,448 

a 

j 200 „ 

' Gypsum 

84-90 

5,461 

4 

i 200 „ 

No lime 

1 105-24 

3,715 

•Vote- 

-200 gr. in a gallon 

is equivalent to 280 parts iu 100,000 parts of water. 


lOOgr, of chlorine per galloais equivalent to 0'143 gr. of chlorine in 100 c.c. of juice, or 
quivaleatto the amount of chlorine precipitated in 100 c.c. juice by about 40 c.c. of decinormal 
liver nitrate solution. 

From the above, it is seen that in a variety of cane coutaiuiug 
ibout 100 grains of chlorine in a gallon of juice the outturn of sugar 
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per Here is very much reduced. Also the application i.j 1 ],^^ 
gypsum to lauds irrigated by saline waters has had very little 
either on the chlorine (ronteut or sugar per acre. 'I'he resn i i s uiij^ ' 
on the t'anc-breeding Station with gypsum go to confirm tlieaijf^ 
statement. 


Low QUALITY J.AGGKRV OBTAI.VHO PRO.M XORTH I.VDIAN ('ANr 
AT THK CaxE-BREEDING STATION EXPLALNItn, 

Our experience oti the manufacturing side. i.e.. makini; 
from juices containing chlorine, are in conformity with the (ipiniun 
expressed above. In a general way, it may be stated that on fipl], 
where the chlorine percentage is low. e.t/.. Fields Xos. !) ;ui(l2t,„v 
ha\'e been able to grow succes.sfully thick cane varieties ami havu pie- 
pared from them fairly good jwjgert/. In other fiehis which weir fur, 
long time under saline irrigation before they were taken u]) hv tie 
Government Sugarcane Expert, tlie good varieties aiul seedlings whir], 
did not come up at all in 1913 are now coming up fairly well iimh 
sweet water irrigation and other improved mcthotls of cultivatmii, 
Tlie North Indian varieties and thin seedlings whicli weie cumiiioini 
indifferently before are coming up well now. But the jdiip,) 
obtained from North Indian cane varieties is still uiisiitisfactiin. 
This shows that obtaining good quality jacnjeri^ does nni depenil 
upon the successful growth of canes only. The explaiiatiun fn! 
our getting unsati.sfactory j(tr/r/{Yy. especially from Fields Xn.s. If t» 
20. appears to be that those fields still contain in the .surface u 
deeper layers of .soil fairly large amounts of chlorine, and that .Vuitii 
Jndian varieties whi(di have been shown to be more capable d 
absorbing chlorine than thick cane varieties take up siilticieiii 
rhlorine to lower the (pialitv of their juices and coiise(|ueiitlv »ivf 
infei'inr kind of jof/f/eri/. 

^UM.M.ARY. 

Summarising the above it is found that— 

(1) Soft, thick, juicy varieties do not come up at all le 
.saline land (Block 11, Field No. 3), while, thin hard and less ]iiu' 
varieties come up fairly well. 
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(.)) Sngarciiiie varieties and seedlings, whioli do not oome up 
.[[ under saline conditions (Block II). come up far better under 

^jdine conditions (Block 1), and this dilleience in growth is 

.jd to 1^"^' eliiefly to sodium chloride. 

Tlie effect of saline irrigation is to gi\e an iiupuio juice 
,utiuiiiiig large amounts of chlorine and jKitasli. and that a 
.termination of chlorine alone, which is comparatively easv. will 
ve one an idea of the approximate quantity of the other. 

(4) The usual method of determining chlorine- evaporating the 
lice, igniting the same and determining cldoriiie in the water 
.juic-t- not being found quite feasible in a field laboiator\-, a new 
letliorl of directly determining chlorine in tlie juice !>y lime water 
i„| aluiniiui cream is suggested. This is found to give a correct 
Ifji of the relative quantity of chloriue in juices, and is also 
iiitker and better adapted to a field laboratory. 

(,j) The chlorine content of a variety depends upon (n) con- 
itions of soil, water, etc., under which it i.s grown, (h) nature 
f tlio \'ariety itself. 

(a) The effect of large quantities of chlorine in any juice is to 
iwer the sucrose, purity, and glucose contents of that juice. 

(7) .V large percentage of soluble salts in tlie juices of 
■ant's grown under saline conditions i.s usually associateil witli 

I low glucose content ami interferes with the crv.stallization of 
iiiirose. 

(8) The interior kind of junf/eri/ obtained on the i'ane-breeding 
■Statioii from North Indian cane varieties is due. among other factors, 
tj the high chlorine content of the juices. Determination of clilorine 
in t!ie juice would give one. an indic.ition of the relative quality of 
j'liffni oiie is likely to get. 

In conclusion. I beg to offer mv grateful thanks to l)i', ( . 
Bwl'cr, C.I.K;.. for giving me everv fai-ility and for guiding me with 
isnnnestiims during the cour.se of this investigation. 



PROBABLE MATERIAL FOR THE STUDY OF THE 
EXPERIMENTAL EVOLUTION OF ORYZa 
SATIVA. VAR. PLENA, PRAIN. 

BY 

R. K- BHIDE. 

.•Issus/aHi" l^cotiomtc Botanist, Bombay. 

Oryza saliva, var. plena, Prain, the “ double grain paddv/’isa 
variety of rice cultivated in Bengal. Agriculturally it cannot be sail 
to be a desirable variety, but it nevertheless possesses an inteiustiDj 
botanical curiosity. This consists in the fact that thoiigl 
practically to all outward appearances it looks like an ordinan 
variety of rice (Plate Xlt, fig. 1), still usually a certain proportion o; 
the spikelets in the panicle, instead of having a solitary grain, ma; 
contain two to five grains or so each. This is duo to the fact tk., 
nearly every spikelet in the panicle contains two to five ovaries; 
in the flowering stage (Plate XII, fig. 3). The number of dl 
developed grains per spikelet, however, is often one to three only, as 
probably all the ovaries are not in a fit condition to be fertilize! 
at once or, even if they are, there is scarcely room enough for tkm 
to be properly developed. This variety is not grown in the Bomba) 
Presidency. 

In a plot of this variety, grown at Alibag for the first time 
this year, it was found, in rare instances, that the topmost spikeleb 
on a few branches of the panicle had only a single ovary with four a 
more stigmas, two or more ovaries being then united toge e 
The number of stamens in each spikelet is usually si.x, but 
instances it was found to be seven or eight, thus indicating a o ^ 
tendency in tlie stamens to increase their number, i n a le" ■ 

( m ) 



EXPLANATION OF PLATE XII. 

Oryza satvoa. 

1, Normal exterual appearance of a apikelet of au ordinary variety of 

rice. 

2, Contents of the apikelet of the aanie during flowering. 

3 . Contents of the apikelet of the double grain paddy of Bengal. See the 

number of ovaries. 

4 . Raw apikelet of an ordinary variety showing one of the empty glumes 

much elongated. 

3 . A. Spikelet of an ordinary variety showing an additional empty glume. 
B. Continuation of the additional empty glume from the side of the 
pedicel. ' 

6. k. iSide view of the spikelet of an ordinary variety showing the fusion 

of the additional empty glume with the normal empty glume. 

B. Diagranunatio representation of same. 

7. Spikelet of an ordinary variety showing additional flowering glume 

and pale which are rudimentary. 

8. Another spikelet showing more developed additional flowering glume 

and pale. 

9. Spikelet of an ordinary variety showing the doubling of the flowering 

glumes. Note the full development and the two awns. 

10. Diagrammatic representation of the spikelet in fig. 7 showing free pales 

and two rudimentary ov3rie.s. 
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to one another. The spikelets' here consist of two muall 
alumes which .stand on the outside of the remainni;.: 

«lume, and glume-like pale, which normally enclose wo 1 oJk,i, 

L stamens, and a solitary pistil, with two styles and him v 
The flowering glume i.s broader than the pale winch it oN.-ilap,. 

«'* »»' «'• ™'‘- 

L.«" glu« .« “• !■*'' “ “'J 

Tl„°w»t™.«™»“»»y ■“ 'Wi- 

tte 

the soikelet, are as follows ,, , , , 

f The empty glnines instead of being small and both , 

equaUize, m rare instances, - look very unequal by the elongate: 

of one of them as in Plate Xli. tig. 4. 

•2 Sometimes an additional empty glume is produml 
the outside of the normal empty glume This, however, is a part ,1 
he pedicel and not of thespikelet; because i generally ..a-.. 
Ii!d wlien the spikclet falls off. as in Plate Xll, hg. o. Rarclv an 

tmptv gl«.te 0 ty ‘J* f 

1 Tiul lipcomes fused with it as iii Plate Xll, fig. t. 

” '"riu place of the normal flowering glume, c. above th. 

, .. ovtro floweriiio' glume, with or without a pale. 

may sometimes i the v nnv be more or less developed: a* 

vvitlitheotherpaleasinPlateMl , gs. . plate XlH 

„ t»«j yg'*' ‘I'Y »i>7!' «' y 

Sg. -2. 111. P»fc '« »>P" ' f .Oiltm- •! * 

palecanbe seen asm Plate XHl, figs. ■ , . , absent d 

1,*. ite. wkh 2 p* .pite y : Li w. p* 

i„i.l.«.,i„PI.I.Xlll. Bg. 6, l,..t th» ">•! "7 
When lli« «ni>"l P'l“ ‘I’''*' ^ j;, i„,„ t.w «-i"»' 

Plate Xlll, fig- 1. Mach of tlie.se may again sp ^ ^ 

give rise ti) three (. 1 - four processe.s as in Plate X ' rp 



EXPLANATION OF PLATE XllI, 

' Orym satim. 

1. A spikelet with the doubliqg tendency from which one flowering glume 

ia removed to ahow the partial fusion of the poles. 

2. A two-faced pale formed by the complete fusion of two pales as 

I seen in profile and in a diagrammatic aection. 

3. A paje^plit at the tip only. 

4. Another pale split furthe;r down. 

5. Spifel^t showing.'the pale completely spbt to the base and carrying 

a y^ll developed ertra pale inside. 

6. A spikelet opting; ths ipale ia completely split to the base, one of the 

processes is absent and there is a rudimentary pale inside. 

7. United pales tran^form^ into two processes, by splitting from a sportive 
• spikelet in an ordinary TOtiety. These processes now stand at right 

angles to the glumes are two pretty well developed ovaries. 

8. The two processes are further eplit into two each. Thus there are four 

processes in all. 

9. A An organ which may be called half glume half pale, iu profile. 

B. A normal pale in the same position. 






experimental EVOLCTIOX of OliVZA SIATIV^ 


4>)7 

irtO pi'A' esses aremucli reduced. A flowering ghiinc is sometimes 
.jiidoriuefl into a pale by the loss of its lateral nerves. Sm ii aii 
is .sometimes intermediate between a flowei-ing glume and a 
jp Bec ause then it shows a lateral nerve as in the flowering glume 
i, ,„ie side only and not on the other a.s in Plate XllL fig. fi,\, 

^ 'I'he number of stamens may sometimes increase. 

,3 The number of ovaries may sometimes be doultleil as in 
'lateXlll- fig. 7, accompanied by the doubling of the flowering 
lumeaufl pale. 

6. The number of stigmas may increase without an appaiviit 
mrease in the ovaries or the flowering glumes. I’ossilih- this is 
lie to the fusion of the ovaries. 

.^though some of these variations were uoticeil bv me. from 
inic to time, in different plots at Alibag, during the last 6 or 7 years, 
lill. curiously enough, most of them were fonml to occur in a marked 
legree in last October in no less than fi or 7 plots at that .station, 
ilost of these plots were grown from seeds ol)tained from the cnlti- 
.iiturs. These varieties are generally growii in the salt land along 
he creeks, though I had grown them in .sweet land along with 
itlier plots. The following are the names of the \’aiictics whicdi 
Jiowedthe above-mentioned variations :—(l) Morchuka or l.)hok : 
■2) Morclnika ; (3) Rata; (4) Kala Rata; (5) Dodda-Pandya ; (6) 
Lumba sal; (7) the double grain paddy of Bengal. Of tlrese the 
iist two are grown in sweet land. Xo. C resembles the ''cluster'' 
if the Central Province.s. 

Ill the variety called " Morchuka, " out of aliout 100 plants 
cciiie eight or ten plants showed a strong tendency in some spikelets 
h pioduce additional flowering glumes and pales, and sometimes 
0'ane.s also. The}^ also showed the other variations mentioned 
.above. Indeed the tendency to vary was so strong in them tliat in 
aaiii plant of the abnormal kind about 10 per cent, of the spikelets 
abided the sportive nature. In very many instances however these 
sportive spikelets were sterile, though instances with one well 
b'wloped grain were not hard to find. Instances with two well 
'bo'doped grains however are rare, though thev are not altogether 
'^'possible to obtain. Although 1 cannot vouch for the. perfect 
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purity of the seeds as they were obtained from the t:ultivatj^ 
still very probably this sportive tendency does not seem to be 
to crossing. In fact, this year I could even see this teiicleticy 
several fields in the salt area though to a far less extent. Aivl 
then the percentage of abnormal spikelets in the panicles was scarcelf 
two. 


From the specimens which I have collected here for soiTij, 
and from the accompanying drawings it will be seen that practical 
every part of the spikelet has a tendency to be doubled. Similaib 
aU the varieties described above show the tendency to fotln 
additional glumes, pales and ovaries. They also show a tendem 
to form clusters of spikelets where they did not exist before. Hmj 
they may be said to be more or less overlapping. Whether ties 
overlapping variations are due to some temporary disturbance ii 
the plants, caused by an abnormal season, or they are the beginiiiDji 
of progressive changes, has yet to be proved. 

But at least the large percentage of abnormal spikelets intti 
panicles found this year, in several plants and from several 
plots, points towards the latter possibility. It is likely thatk 
these variations nature wants to effect some saving of material 
or to do more work with the same amount of material. Of course, 
the production of the additional flowering glumes, pales, staineiii, 
etc., by the double grain paddy might be a retrograde step. But ii 
the other varieties it is not so. In the “cluster ” there appearsto 
be some saving of the material of which the axis is made. In tk 
doubling of the flowering glume and pale and of the ovaries, except 
in the case of the double grain paddy, there seems to be iii 


attempt not only to save the material required for the axis, tat 
also that required for the empty glumes, lodicules and stamens. 
In some cases in which the pale becomes somewhat reduced^ s 
saving of some of the material required for it must also tale 
place. Thus in all these doubling cases the tendency to 
seems to be for the purpose of producing a type in the « 
which can give more seed with the same amount of ma ei ^ 
Such a type, as we .see, is the double grain paddy 
Bengal. 
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Would it not be possible, therefore, to make use of the vari- 
lity in this particular direction and to help it on to tlial final 
selection ? Or, is it merely a dream to expect so 1 It is 
t possible that it may turn ont to be a dream. Jt may even lead 
interesting results, if properly followed up. My idea is 
t bv growing a number of generations of the seed.s obtained 
nitiie strongly sportive plants, and by selecting from them 
tile spikelets with the said tendency, it may be possible in 
jjje of time to obtain plants resembling the double grain paddy 
Bengal- ft is true that some variations nece.ssary to show a 
aplete change from the ordinary variety to the pure double 
lin paddy have not yet been observed. Thus, 1 have not yet 
tuallv come across a case in an ordinary variety of rice in which 
Iv the ovaries have been doubled without the doubling of the 
nvering glumes and pales. Doubling of the number of ovaries 
(ompanied by reduction and transformation of the glumes and 
lies can, however, be seen, and it is sufficient ground to hope that 
f examining a large number of sportive plants in flower we mav 
mie across the final stage. Unfortunately 1 could not e.xamine a 
ifficiently large number of sportive plant.s in flower this year, 
at next year I hope to follow up that point more successfully. 
[ we could only get the final stage once, there would be some hope 
i being in a position to bring about an experimental evolution 
f the double grain paddy from an ordinary variety without the 
lelp of crossing. 1 therefore intend to follow up this experiment 
or a few years. 



SOME FORHIIGN INSECT PESTS WHICH WR]),, 
NOT WANT IN INDIA, 


BV 

T. W KA.\l.\KRiyHXA AYYAR, R. A., F. K. S., R. Z, s., 

.U'fnui {roi'vi iiinent Eiitomohyfjht. MmJtns, 


The danger of introducing new insect pests of different Lmdi 
from foreign sources is. nowadays, so well recognized that in inu;} 
advanced countries, especially where .scientific agriculture lias mailt 
some progress, a system of quarantine is strictly imposed on all 
ai’ticles of import which are likely to bring such pests into tlta; 
country. Such State, action would go a great way in clumkiiig tlifl 
entry of alien insects, especially those which are knuwii to le| 
bad in other countries, and which, if allowed etitrv, itiigli 
become a regular menace to agriculture. Well-known examples a 
unconscious introduction of undesirable animals into new land? an 
those of the rabbit into .\ustralia, the munguose into the fc 
Indies, and the sparrow into the United States. When this liaslw 
the case even with higher animals much mme are the thiince 
favourable to lower animals and especially insects. With their small 
size, their powers of rapid multiplication, and their varied habit!, 
insects stand very good chances of getting distributed fmiu mmiifn 
to country. 

Recognizing the above facts, the Uovernment ol India ha't 


also moved in the matter recentiv, and have passed what is mu f* 
the Pests .\ct to protect the coniitry from the invasimi uf fetf'e'- 
insect and fungus pests. Now that the Uovernment lm''e 
action in the matter, 1 think the present moment is not iiioppoiti'i' 
to see what the important foreign insect pests are \'liitl' u* 


( 000 ) 
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, pf gaining admission into the country, anil whicii Iwa-c 
'''Afoti' -o carefully watched. In this paper 1 luivu atii inptoil 
npi ite briefly some of the more important insects ul li K'la,! 

which are likely to be introduced into Imlia in snnic 
, ,ither unless proper precautions arc adopted to prevent 

■flV' 01 ' ' 


The geographical position of India might, on the whole, be 
■| to be not so favourable for the introduction of foreign pests as 
’ , most, other countries. For, India is more or less isolated, 


dtlie countries adjacent to it on the north could hardly be classed 
reimlar agricultural tracts. Besides, there is the mountain wall 
tiie north-west, north, and north-east, and all round below is the 
This safe position perhaps accounts to a considerable degree 
or the absence of introduced insect pests. Though a more or less 
amuno condition has been maintained till now, it is very doubtful 
rhetlier such a safe state of affairs could possibly be kept up in 
[uture unless proper measures are adopted. For, in these days of 
pick and easy transport facilities for all sorts of agricultural 
products, both by land and sea, there is every likelihood of foreign 
pests entering the country without our knowledge. The steamships 
that travel all over the world form the best media of transport in 


this matter. 

,\t present the countries from which we are likely to get lui- 
lesirable, insects introduced are Ceylon, Java. Philippines, China, 
.lapan, .4ustralia, and New Zealand in the east and south ; and 
now that the Panama cana.l is open, there is even a chance of South 
.bnwioa and West Indies contributing in this direction. On the 
west we have Africa and the Mediterranean countries of Europe 
and West Asia. It may, however, be argued — and it is perhaps 
tnie to some extent — that insects from temperate regions may 
; not he able to thrive in the tropical climate of India. But this camiot 
ho the case with all insects, as some are able to adapt themselves 
remarkably to their new homes ; nor is it safe to try any experi- 
ments in this matter. The well-known saying “ Prevention is 
hettetthan cure ” is as much true in this respect as in other 
oflairs, bet ns see how and by what means insects are likely to 

9 
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travel and get entry into new regions. Many agrioultui .il 
when carried from one country to the other for trai ,- n,. ,p ’ 
purposes, are likely to carry with or in them some of the 
of the country of origin unless noticed by the cxinirtev j, 
destroyed in time. In many cases the insects are veiv 
contained inside agricultural products and thus escape eas\' dete(t[„ 
.knd when once they gain entry into some port of a (niintiv ti,, 
liave very good chances of finding their way into the intciior, 

The commonest and most important of agricultiual pK^dn,, 
in which insects tines travel are chiefly fresh vegetable pvoduot 
such as bulbs, orchids, sugarcane, sweet potatoes, yams, 
seeds, cuttings of ornamental and other plants, moss, peat, tub 
and nursery stock of all kinds. Bulbs, orchids, and \’aluable Ij 
house and ornamental plants are often brought by travellers irot 
one country to another as curiosities without in the least suspectiui 
that they are in many cases bringing in undesirable iii.sect pea 
with their valuable luggage. It is true that orchids or oniainenti 
plants and their insect pests are not going to affect tlie agricultiii 
of the country because these arc not of any direct economic imper 
ance. But wiiat might happen in some cases is that some of tl 
insects on these introduced plants might change their food-plant i 
the country of adoption, and if this new food-plant happens to br ai; 
important field crop, the danger to agriculture becomes quite nidfiit, 
and this important contingency has always to be borne in iiiiiiil 
Vegetables, roots, tubers and fruits not only travel as cargo, but a; 
necessities for people on board ships. 8o far a.s I l,no\v, fruits d 
various kinds, such as apples, oranges, pears, grapes, etc., ami nur- 
sery stock of tlie.se fruit plants are received into India from dilfeimr 
Australian ports. Similarly, nursery stock of fruit trce.s, etc., an 
also received from Europe chiefly by some of the hill plniitatiotis 
Sugarcane of new varietie,? is sometimes got down by Goveiftinfu 
and private concerns for seed purposes from the West Indies, Ja'a 
Mauritius, Hawaii, etc. It is also found that seedsmen and nm*! 
gardeners in the important cities get a good many ,sf‘«bs, bulb' 
etc., from other countries, often even by post. Hf®'’ 
•some of the known media bv wiiicli we are able I" tracr 
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;,;fferp.nt exotic pests into the eonntrv. in adilitioii to 

Iti'V i'*- ' 

jt I possible that insects may l)c carried in other things 
„|,e ' suspect -some examples of these are packing 

(pviiils. kirrl food, bird plumage, hunters' trophies, etc. 

the iiances of foreign insects getting admission into the 
niitw arc easy and many, and hence tlie need for a more carefid 
I) strict (|uarantine at places of entry. 

fi,r as the existing insect pests of India are coucerned, wc 
jve not sufficient records to show which are introduced ones and 
liidi are foreign ; but we might name two or three which might. 

, , Pissed as introduced ones, having become naturalized and very 
ell I'ccogiii/^ed as pretty bad pests. The potato tuber moth 
Phlltoflmwo opercukUa), the diamond-back moth of cabbage and 
Riliflower (Phitella tmculipemiis), and the green bug of coffee 
yaiii’im I'inde) ntay be given as examples of such, We have no 
(■{•mate records as to when and how these gained entry into the 
ouiitrv. and it is now too late and impossible to drive out these 
isecte which have already acclimatized themselves to their adopted 


fliue. 

We will now consider some of the important insects which are 
lal pests in other countries, and which are likely to get entry into 
iidia unless both the Government and the importers of agricultural 
irolucts are on the alert and keep out such undesirable insects, 
t is therefore thought that information on some of the important 
(ii'dgn insects might be of some help at this moment when the 
?ests .\ct is just coming into operation. 


LEPIDOPTBRA (Moths and Buttei-flies). 

Ill this group of insects the young one or the caterpillar stands 
a?ofl(l chance of travelling inside vegetable tissue. 


The Codlin Moth {Carpocapsa pomontUa). 

(Plate XIV, %. 2.) 

Ihe most important and the best known of these insects is 
•1>6 ‘codlin moth {Carpocapsa pomoneUa). It is the most 
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destructive of apple insects. The caterpillar bores ir. vj 
The adult is a beautiful moth with a wing expans. of J 
The annual loss to the United States caused b^ this 
estimated at 16,000,000 dollars in 1909. It is said to 1), g i 
the Mediterranean countries, and is found in England. Aaeno 
and Australia. There is a record of this insect from .Ladji-j 
Kashmir in the Ann. M. N. H. of 1900. But it is probable tl 
identification was a mistaken one. It might be the “ oriental pe^ 
moth” referred to below. However, it is needless to stated 
important it is to keep out this pest from India. 

• The Orange Tortrix. (Tortrix eitrana, Peru.) 

Though not as serious as the codlin moth, this small insect 
a bad pest of oranges in California and adjacent countries, and stan 
a very good chance of travelling in orange fruits. 

The Peach Twig Borer. {Amrsia lineatalla, Zell,) 

This insect is one which is likely to be carried in nursery stod 
of stone fruits. It is said to be a native of West Asia and is mi 
found all over Europe and America. If this insect is already presej 
in India, it must be found in the northern fruit tracts. The peciilii 
habit which this insect has of hibernating in nursery stock lielp 
it in getting widely distributed. 

The Oriental Peach Moth. {Laspeyresia moksta, Busct,) 

This is different from the peach twig borer and affects bot 
twigs and fruits. It is a native of Japan and has been introduce 
into the United States of America. The adult moth resembles tl 
codlin moth to some extent, but there are striking stmcte 
differences. The full-grown larva is smaller than that of tl 
codlin moth. It might also be mistaken for the peach tir 
borer, but the difierences are clear on closer examination. B 
insect can get itself distributed as larva inside fruit, dr as cocooi 
on the outside of the plant. Nursery stock may also carry hit)* 
nating larvae. 
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COLEOPTERA (Beetles). 

'I’lie i, ^ccts of this group, which are likely to be introdu. -I, are 
beetles i -slonging almost wholly to the group of weevils, the gn,l,s 
ffhich ate fleshy and footless and bore into vegetable tissue."^ 

'I’m Cotton Boll Weevil. {Anthommus yraidis, Boh.) 
(Plate XIV, %. 7.) 

The most important of exotic beetle pests is the Mexican cuttoti 
11 weevil of Texas and adjacent States in the United State.s. 
e annual loss to cotton growers from this insect is considerable, 
ic arub bores into the boll and enters the .seed. The beetle is 
ill length and has a uniform greyish colour \vith a prominent 
Jilt. The pest may be easily carried in seed and in shipments of 
.iiuied cotton from one country to another. The loss caused 
'tliis insect is estimated by Townsend at £ 1,600,000 aimually 
tbe United States of America. 

HE West Indian Sugarcane Beetle. {Spheiwphorus obscurm.) 

(Plate XIV, fig. 9.) 

The fleshy grub of this weevil bores into the tissue of sugai-- 
ne, Seed cancs containing the grub can easily spread the 
istiiito new tracts. The grub is pale white in colour and footless, 
le adult insect is about f" long and has a dark reddish-brown 
lour, 

as SM. 1 L 1 Sweet Potato Weevil of Hawaii. (Cryplorhipichus 
hatatm, Water.) 

(Plate XIV, fig. 8.) 

Ihisis a small insect similar to the mango seed weevil of India, 
iisapretty bad pest in Hawaii and a strict quarantine is imposed 
0 imports of sweet potatoes into California and other American 
Wes. The small pale white grubs bore into the tubers. Tire 
Wet should not be confused with the common sweet potato 
feeiil (Cylasformicarivs) which is blue and red and resembles an 
in form. 
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The Plum Curculio of the Uniter! States of (f 

trachelus tieiiufer, Herb.) is another important fruit pes> of 
which might be added to the list of imde.sirableB. T||j . ' 
Ijlossom wee.\'il (AiUhoiiomas potnorum) of Europe has tiavellcijl' 
Europe to America mid it is not unlikely that it might coiiie tu l,, 
also. 


DIPTERA (Flies). 

Among flies, fruit flies form the chief insects which genetj 
spread from country to country in different kinds of finite, 

The JfEDiTERRA.viiAN Froit Fi.y. (Cemtitin mjiMi.i 
(Plate XIV, fig. 5.) 

The most dreaded of fruit pests for wliich a strict, iratcli Ikh 
be kept in India is the notorious Mediterranean fruit fly, Jt i.suiii 
the most serious pests which the orchardists have to fight agai: 
Fortunately it is at present absent in India, though the 
its entry are great and many. It is found in Europe.. South Afte 
.\ustralia, New Zealand, and California. It was first noted oiioiaiij 
from Azores, but now it is found on almost every fruit. The ivlit 
pointed maggots riddle the fruit pulp and cause coiLsiderahlc ilaiii.i« 
Wc have our native fruit fly {Dacits cucurbihe) which is had eiMiglK 
melons of all kinds and on other cucurbits and mangoes, and it «' 
be a very serious matter if the Mediterranean fly gets cut)'', II 
travelling public who make pleasure trips might canv fruit' t 
their friends, or for their use, and thus distribute tlie pest iiaa« 
.sciously. 


'The Queexsraxd FRarr Fnv. (/fucu-s Infoiu.) 
(Plate XV, fig. 2.) 

This is another fly attacking fruits in West Australia ami 
appreciable damage. 'This insect has also ciianccs nl getting u®' 
dueed. In habits it is exactly like ordinary fruit flies. 
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•lY,; Apple AIaggot Fly. (Rlmjoletis liomoneila.) 

(Plate XV, fig. 1.) 

•Ilys K, ,1 pest of apple in the United States of America is also 
jmport.ot exotic fly pest likely to be introduced. 

PKitlioi notorious fruit fly is the olive fruit fly of ItaK- 
oh‘C^) • 

- ■j'lie most important of all these fly pests is, of course, the 
.(litemuican fruit fly. The best method is to de.strov all maggot\- 
lits received from foreign sources. This will not only prevent the 
(i\e-kuown ones, but would check some species which are not 
ivcll kiujwu, but which might prove serious. 

BUGS. 

Scale Insects, Mealy Bims, and Plant Lice. 
it would be difficult to point to any group of insects whose 
.vafffis liave been more seriously increased by hiiman interference 
laii the insects mentioned above, especially .scale, insects and 
fiilv bugs. Of all insects these are easily carried from country to 
miitrv iuul some of them adapt themselves remarkably to their 
ew Iwiues. .Must of them are minute in size and will stand long 
nii'iiev.s : their powers of multiplication are also remarkable, 
luring the course of my studies regarding these insects within the 
aU two or three years, 1 have observed several scale insects wliirdi 
ppear to be introduced. One can very well form an idea of the pos- 
ibilities of distribution of these insects, when it is known that over 
hirty species of scale insects have been noted on orchids alone. The 
ollu'.‘ iiig arc some of the most important foreign insects of this group. 

The N.an Jose Scale. [Aspidiotus pentkiosKs.) 

(Plate XIV, fig. 4.) 

die lii'st rank amongst scales must be given to the San Jose srale.’ 
bC' may bo considered as the foremost of fruit pests in most 


' The Agric. Jouni. of India, vol. Xll. pt. IV, o-O. 
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countries. It is believed to be a native of China ; it is ii(nvj,j„ 
in South America, United States, Japan, Australia, Haw,ui,etj. ' 
It has been found attacking pear, apricot, apple, plum, 
nectarines, etc. ; it attacks all parts of the plant—le.ives, 
trunk, stem, etc. The scales are small and oval and often 
in thousands on the surface of fruits. 

This Oyster Shell Scale.- {Mytilaspis pomorum, Riley] 
(Plate XIV, fig. 6.) 

Unlike the San Jose scale, this insect has a more or less muai 
shaped, narrow and elongate scale, rounded at one end and taperin 
towards the other ; it is pale brown in colour. It is found as ape 
of fruit in America, Australia, New Zealand, Egypt, Algeria, Caiiadi 
South America, and Japan. Just like the San Jose scale it attacb 
fruits of different kinds and gets distributed in fruits and mirseiT 
stock. It is one pf the very destructive scale insects of the wit 
and has been noted on fruits of various kinds. 

The Purple Scale. {Mytilaspis cikicola, Pack.) 

In general appearance this scale resembles the oyster sliel 
scale, but is darker in colour and more curved than that specie! 
It generally attacks fruits and foliage of all kinds of Ciirm plant! 
It has a very wide distribution, being found ni Ceylon, Australia 
Africa, Europe, and America. Tlus insect is equally liable to 
brought into India with oranges, etc., from the.se countries, 

The Cottony Cushion Scale. (Icerya 'purcImsL] 
(Plate XVI, fig. 1.) 

This is a well-known and destructive scale insect ; in gent'*' 
form it is different from the San Jose, the oy.ster sliell or the pinpl' 
scale. The body covering in this case is not a hard scale, Ihii j 
. soft cushion made up of wliite cottony matter, and tlie ciishio- 
arranged in a characteristic manner. The native iioiuc ol tin- 



PLATE XVI, 



Fis. 1. Icxrya p'mhasi clus- '*"* 

lered orange twig, about natural characteristic nodules caused by the insect, 

size, i From Essig’s Injurious Portion of a root with a colony of the insects 

fiene/icw/ /n^ec/a fl/ (natural size), and a single insect magnified, 

w/omia, Fig, 70 I, lAfterMarlalt,) 
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■ect is to be Australia, from where it has spread to Africa, 
a’opc North America, South Africa, aud the ^ilediterraiieau regiou. 
very destructive, especially to orange trees, but has been noted 
^,11 a variety of other plants including grape, rose, pomegranate, 
castor, etc. This insect has recently gained entry into 
■vloii b a,iid there is no knowing when we may hnd it in our midst. 

The Lantana Bug. (Orthezia insignis.) 

This mealy bug is another destructive insect wluch is found 
most other countries including Ceylon. This has also got the 
jttoiiy white lanunac. Though it is a beneficial insect when found 
1 the weed Lantam, it is an undesirable creature, as it may be 
jstnictive to other valuable cultivated plants since it has been 
)\incl to breed on over 30 plants in dilierent (countries, Tliis was 
lice found ill a plantation on the Nilgiris, but was promptly 
esti'oyed. 

There are several other scale insects in foreign countries which 
,ave chances of entering India any time, especially through fruit 
lid nursery stock. The pineapple scale of Hawaii, Diaspis brom- 
iffl, Ker, is one such important insect. It is not only a pest of pine- 
,pple, but lias been found on various green house plants in different 
cuutries. it is found in Europe, .Vmerica, South Africa, West 
ndies, and Australia. .Another likely pest to find its way into the 
loiintvy is the Japanese fruit scale {Dias pis pentagom) which 
Plate XV, fig. 3) has already travelled to Europe. I have found the 
’tape and pear scale (Aspidiolus cjjdoitice), an Australian scale, on 
nursery .stocks of grape and pear in Bangalore got fi'om Australian 
uarseiymen. Within recent years numerous consignments of 
nursery stuck of fruit trees, especial!)' navel oranges, pears, etc., 
have been got down from Australian nurserymen by several garden- 
ers and private orchardiste in South India, and this must have been 

«' 'eiy good medium for the distribution of some Vu.stralian insect 

pssts. 


* The Agric. Jout n. of India, toI. XU, pt. IV, p. 
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GrKA?E-viN£ PuYLLOXEBA. (PhjUoxem vastalri,.) 

(Plate XIV, figs. 1 and 3.) 

The most serious of grape-vine pests, this insect i: fduufi, 
colonies attacking chiefly the roots, though often foim,] i,, 
on the foliage also. It is found in Europe and America. Theju, 
is carried on rooted vines, and so becomes easily distributee] mj 
nursery stock'. 

1 ’he Wooly Aphis or American Blight. {HchiznucHut 
laniyera, Haus.) 

(Plate XVI, fig. 2.) 

This pest, which is very destructive to apples, is foiuul in iiliin, 
all countries where that plant is cultivated. Its original liiiint 
stated to be Europe, from where it appears to have spicad all ou 
the world with nursery stock. .Vs early as 1889 Atldnsoii ilesciikii 
iji the Indian Museum Notes a species of wooly aplii.s attackn* 
fruit trees on the ;Xilgiris, and that insect appears to bctliioM 
under review ; this insect has also been foiuid off ami mi in tiit 
hill ilistricts recently on fruit trees— chiefly o)i tluisc imputtf 
from Europe, it is therefore a case where an insect lia.' nlrtaili 
gained some ground in the country. The only thing to iliiiutli 
case is to prevent its rapid spreading. 

Besides the above forms of bugs, species of lai c wjiig bug 
(Tingidids) and white flies (.■Vleurodids) of sorts aie alsn easi 
transported in nursery stock from one country to another. 

Of over twenty insects noted above, the most inipiirlaiit uu 
to be guarded against are the Oodlin moth, the CoUon hull ma'il 
the Mediterranean fruit fly, the Han Jose scale, the Oystci' diiil 
the Cottony cushion scale, ami the Phylloxera of yrape-cinr. 

In this paper 1 have only noted some of the \c,r\' ile.stnuii'i 
and well known of foreign insects which ha\'e some eham es ef bfU'l 
introduced into India, it is possible that some or mo-st "1 tlieiuiiiii; 
not be introduced at all, and even if introduced may m>i *^*‘*'* 
if so, well and good. But a warning note regarding tin -e ® 
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■ 1 inopportune. It is not also unlii'Cely that quite harmless 
llllttlc ;.n<>wn insects of other countries might, wlien iiitroduceil, 
[oiue h.sl posts in their new home. Therefore, the safest course 
! ^ to make arrangements at ports or places of cntr\- to 

I ' pi f,,,cign agricultural products of a suspicious nature siibjeeted 
i ^ fi^oicugh examination, and to destroy or fumigate all inseet- 
iftlted materials before they are allowed to enter the countr}-. 

iiVe, in India, have any number of indigenous insect pests 
j.,t irivc us much trouble and Indng about considerable loss 
country. We would therefore be multiplying our troubles 
f ive alk'U' alien insects to gain entr}- into the i-ouiitry. The 
bjert of this paper will be very much gamed if at least educated 
ultivaturs, and tho.se having dealings with foreign countries 
u iWikultural products, realize tlie danger of allowing foreign 
ijjts into the country and do their best to prevent it. If tliey 
bid it impossible to act effectively in the matter by themselves, 
bev would do well to bring the matter to the notice of the aullior- 
ties promptly. 



